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0;i;Ha  h3  npHBjreKaTejibHbix  cTopoH  HcnojibaoBaHHH  Majibix  HC3  -  hx 

HH3KaH  CTOHMOCTb  H  B03M0XCH0CTb  pCIUeHHM  KOHKpCTHblX  3afla^I  B  CaMblC 
KopoTKHe  cpoKH,  Ha'iHHaa  OT  4)op]viyjiHpOBKH  T3  H  KOHHaii  caaneH  HC3  B 
3KcnjiyaTaiiHio.  O^HaKo,  npH  3tom  BJia  pemeHii^i  Bcero  KOMiuieKca  3a/];aM, 
peajiH3yeMoro  c  noMombw  Tpa^HmioHHbix  “OojibinHx”  HC3,  KOJinnecTBo  KA 
b:ojixcho  GbiTb  3HaHHTejibHO  yBejiH'ieHo,  hto  npHBOflHT  K  SojibuioH  nepe- 
rpy3Ke  C33ii:ecTByK)U];ero  Ha3eMHoro  KOMiuieKca  ynpaBJieHHa  h  ycjioxcHJieT 
npejiocTaBjieHHe  HH<t)opMaii:HH  h  ynpaBjicHHe  MC3  co  cxopoHbi  hx  3a- 
Ka3HHKOB.  PaapeuieHHe  aroro  npoTHBopenHfl  moxcct  6biTb  HailzieHo  b  co3B;a- 
HHH  oflHonyHKTHbix  CHCTCM  ynpaBJieHHS  cnepHajiH3HpoBaHHbiMH  ipynnH- 
poBKaMH  Majibix  HC3. 

OnpeB;ejiBeTca  HH4)opMaij;HOHHO-H3MepHTejibHas[  cxpyKxypa  HaaeMHbix 
H  SopTOBbix  cpe/icTB,  oSecneHHBaKimaH  ynpaBJieHHe  rpynnHpoBKOH,  TpeOo- 
BaHHH  K  cHCTCMaM  HSMepeHHH  iiapaMCTpoB  opSHTbi,  nepeB;aHH  /taHHMX  xe- 
jieH3MepeHHH  Ha  3eMJiio,  kombh^  h  npoipaMM/KoppeKHHH  nporpaMM  Ha 
Gopx  Kaxcaoro  H3  Majibix  HC3. 

B  KanecTBe  npoTOXHoa  npe^jiaraeMOH  H/ieH  npHBOB^TC^  aaHHbie  o6 
oflHonyHKTHOH  cHcxeMC  ynpaBjieHHa  rpynnHpoBKOH  HC3  cepHH 

HPC  h3  5  cnyxHHKOB,  ocymecxBJifliomHX  flHcxaHHHOHHoe  soHflHpoBaHHe 
3eMjiH  H  pacnojiaraeMbiii  na  hoamockobhom  nyHKTe  KocMHHecKOH  CBa3H 
OKB  M3M  “MeflBexcbH  oaepa”. 


K  .rioSeAOHOcixeB 


Single-Post  Control  Systems  for  Orbital  Constellations  of  Small  Satellites 

K.A.  Pobedonostsev,  V.N.  Moshkin 
OKB  MEI 

111250,  Krasnokazarmennaya  St.,  14,  Moscow 
Phone  /Fax:  (095)  362-56-52 

One  of  winning  sides  of  using  small  satellites  in  their  cheapness  and  a 
possibility  of  carrying  out  specific  tasks  in  the  most  short  terms  from  elabora¬ 
tion  of  specification  to  the  beginning  operation. 

However  to  solve  the  whole  complex  of  problems  which  usually  are  real¬ 
ized  using  traditional  “big”  satellites  the  number  of  small  satellites  is  to  be 
considerably  increased.  This  make  more  complicated  information  transmis¬ 
sion  and  satellites  control  by  their  customers. 

This  problem  can  be  solved  through  the  creation  of  single-post  control 
systems  to  control  specific  constellations  of  small  satellites. 

One  must  to  determine  information-and-measuring  structure  of  the 
ground  and  on-board  means.  This  structure  is  to  ensure  control  the  constel¬ 
lation,  requirements  for  orbit  parameters  measuring  systems,  data  transmis¬ 
sion  systems,  commands  and  programs/program  corrections  to  each  of  the 
small  satellites. 

As  the  prototype  of  the  idea  proposed  the  data  of  the  single-post  control 
system  that  is  designed  to  control  the  satelUtes  constellation  consisting  of  the 
5  IRS  Earth  monitoring  satellites  which  are  at  the  OKB  MEI  “Medvezhyi 
ozera”.  Space  communications  post  near  Moscow,  are  presented. 
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MKA  Ha  OCHOBe  6a30B0H  VHHdjHUHpOBaHHOH  nJiaTd)OpMBI 
H  sajiejia  CHCxeMirbix  paapaGoxoK  HOP  MarnHHocTpoeHHg 
H  npegnpHaxHH  KoonepauHii 


B.  HBauiHH 

HnO  ManiHHOcxpoeHHH 
143952  r.  PeyxoB,  MocKOBCKaa  o6nacxb 
yji.  FarapHHa 

(JiaKc;  (095)  302-20-01,  (095)  528-30-18 


BBCaCHHC 


B  HacxoamHX  MaxepHajiax  npHBOflaxcH  pesyjibxaxw  pa6ox  no  onpe;];ejieHHK) 
ocHOBHbix  xapaKxepHCXHK  Majioro  KOCMnnecxoro  annapaxa  cbssh  «PycjiaH-MM». 


1.  MajibiH  KocMHHccKHH  annapax  (MKA)  cbhxh 

1.1.  CocxaB  cHcxeM  KOCMnnecKoro  annapaxa. 

B  cocxaB  cn>THHKa  Bxoflax: 

-  Kopnyc; 

-  6opxoBaa  cncxeMa  cbhbh; 

-  OopxoBOH  KOMnjieKc  ynpaBJienna; 

-  nBHxaxejibHaa  ycxanoBKa; 

-  CHcxcMa  ojieKxponnxaHHa; 

-  cHcxeMa  xepMoperyjinpoBaHHa. 

BopxoBOH  KOMnneKC  ynpaBJienna  BKjnonaex  b  cboh  cocxae  cjienyioinne 
cncxeMbi: 

-  OopxoBOH  BbinncjinxejibHbiH  KOMnnexc; 

-  cncxcMy  ynpaBJienna  nBnacenneM; 

-  OopxoByio  annapaxypy  KOMaHflHO-HBMepnxejibHon  cncxeMbi; 

-  cncxcMy  xeaeMexpnnecKnx  nsMepennH 

-  annapaxypy  noxpeGnxejia  cny  rnnKOBon  naanraiinn; 

-  GopxoBbie  cncxeMbi  aBxoMaxHxn. 

OcoOennocxbK)  cnyxnnKa  aBaaexca  nBnraxejibnaa  ycxanoBKa,  ocnoBannaa  na 
npHMenennn  ajieKxpopaKexnbix  nBnraxejien  (3P)1,)  n  Kcenona  b  xanecxse  paGonero 
xejia.  HcxonnnKOM  aneprnn,  oGecnennBaioipnM  paGoxy  3P/1,  asjiaexca  cncxeMa 
ajiCKxponnxanna. 

3P/(  oxjinnaioxca  BbicoKnM  y^ejibHbiM  nMnyjibcoM  (~  1500  c)  n  HMeiox  Maiiyio 
Maccy.  Tara  3P)],  M-70  (0KB  «OaKea»)  pasna  4  rp. 

flBnraxejibnaa  ycxanoBKa  ncnojibxyexca  fljia  flOBbiBcnenna  cnyxnnKa  na 
reocxapHOHapnyio  opGnxy,  KoppeKpnn  ero  nojioacenna  b  xonxe  cxoanna  na  TCO  n 
cxaGnnnxannn. 


B.  HBamnn 


CncxeMa  sjieKxponHTaHHH  BKJHOHaex  b  cboh  cocxaB; 

-  6axapeio  cojiHenjiyio; 

-  Gaxapeio  HHKejib-BOflOpOflHbix  aKKyMyjiHxopoB; 

-  aBxoMaxHKy. 

CojiHeqHbie  6axapeH  ocHamaioxca  4>OT03JieKxpH’q[ecKHMH  npeoGpasosaxejiaMH 
Ha  ocHOBe  KpeMHHa. 

CncxeMa  xepMoperyjinpoBaHHa  ocHOBana  na  npHMeneHHH  xenjiOBbix  xpy6. 

1.2.  KoHCxpyKHHB  MKA. 

KoHcxpyKTHBHO  cnyxHHKH  flejiflxcH  Ha  flBe  hhcxh;  yHHBepcajibHyio 
KOCMHHCCKyio  njiax(J)opMy  (YKn)  co  cjiyaceGHbiMH  CHCxeMaMH  h  cMCHHbra  Moayjib 
nojiesHOH  HarpysKH  (GopxoByio  CHCxeMy  cbh3h)  . 

CnyxHHK  CBHSH  HMeex  ^^op^y  GjiHSKyio  k  Ky6HHecK0H.  OcHosy  cnyxHHKa 
cocxaBnaex  Kopnyc  ^^epMCHHoii  KOHCxpyKpHH.  B  uenxpe  Kopnyca  HaxoflHxca  xpyGa 
Gonbuioro  flHaMexpa,  Koxopaa  o.fl;HOBpeMeHHo  aBnaexca  KopnycoM  npHGopnoro  oxceKa. 
KpoMe  xoro  b  xpy6e  pasMemaexca  GanjiOH  c  kcchohom,  Bxo;i:fln];HH  b  cocxaB  /],y.  Ha 
HapyacHOH  noBcpxHocxH  cnyxHHKa  pasMeipaioxca  HaBccHbie  ycxpoHCXBa  GopxoBbix 

CHCXCM, 

Ha  «K)acHOH»  h  «ceBepHOH»  rpanax  Kopnyca  (HaHMCHOBaHHa  rpaHcii  CBHsaHbi  c 
Hx  opHCHxaHHeii  npn  mxaxHOM  nojiexe  Ha  FCO)  ycxanaBjiHBaioxcfl  cbCMHbie  nanejiH- 
cGopKH  c  annapaxypoH  Gopxosbix  pexpancjiaxopoB.  CnapyxcH  3xhx  nancjicH 
pasMcmaioxca  cojiHCHHbie  SaxapcH  chcxcmm  3neKxponHxaHHH.  HanenH  cHaGxcaioxca 
paflHaHHOHHbiMH  xennooGMCHHHKaMH  (PTO)  cHcxcMbi  xepMoperyjiHpoBaHHH 
cnyxHHKa.  Ha  «bocxohhoh»  h  «3anaflHOH»  rpanax  pa3Memaioxca  cooxBexcxBCHHO 
npHCMHoe  H  nepe/i;a.K)n^ee  ycxpoHCXBa  pexpancjiaxopa  C  -HiHanaaoHa. 

HK-  BcpxHKajib,  acxpoflaxHHK  h  flaxHHK  CojiHHa,  BxoflaiHHC  b  cocxaB  chcxcmbi 
ynpaBjicHHa  flBHaccHHeM,  aHxcHHbie  ycxpoHCXBa  pexpancjiaxopoB  h  Maaxa  Kh  - 
flHanaaoHa,  annapaxj^bi  noxpeGHxejia  cnyxHHKOBOH  HaBHrapHH,  nacxb  aHXCHHbix 
ycxpoHCXB  GopxoBOH  annapaxypbi  KOMaHAHO-HXMcpHxenbHOH  CHCxeivibi  (BA  KHC) 
paxMcmaioxcH  Ha  «3eMHOH»  rpaHH.  ^Ba  MajioHanpaBJiCHHbix  aHXCHHbix  ycxpoflcxsa  BA 
KHC  paxMcmaroxca  na  «aHXH3eMHOH»  rpaHH. 

OGihhh  bhh  cnyxHHKa  npcACxaBJieH  na  pnc.  1.1. 
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CnyiHHK  CBfl3H  “PyCJlAH  -  MM 


Barapea  coriHeMHaa 


3neKTpopaKeTHbie 

ABMiaTenn 


AHTeHHa  AFICH 


Act  po  M3  Mep  uren  b  na a 
cMcieMa 


PaAMaunoHHbm 


TennooowieHHMK 


AhfTeHHbl 
Ku  AnanaaoHa 


AHTeHHbi  SopTOBoii  annaparypbi 
KOMahWHO-M3IViepMTenbHOCi  CMCTeWbl 


Phc  1.1 


B.  HfianiKH 


1.3.  OcHOBHLie  flaHHHe  MKA. 


OcHOBHbie  ;];aHHbie  GopxoBbix  pexpaHCjn^xopoB  xpex  cnyxHHKOB  «PycjiaH-MM» 
(b  cyMMe)  ^pHBe^^eHbI  b  xa6ji.  1.1.  B  xaSji.  1.2  ^pe^^cxaBJIeHbI  ocHOBHbie  a:aHHbie 
cnyxHHxa  b  pejioM.  CBoaxa  Macc  cnyxHHxa  npeflcxaBJiena  b  xa6ji.  1.3. 


TaGnnpa  1.1 


XapaKxepHcxHxa 

PexpaHCJiHxop 

C  -  .aHanasoH 

Kh  -  ananasoH 

Mhcjio  cxbojiob 

14 

22 

MomHocxb  JIBB,  Bx 

15 

20 

Hhcjio  KanajiOB  (64  K6hx/c) 

8960 

14080 

Macca  BCC  (c  aHxeHHbiMH  ycxpoHcxsaMH)  ^ 

125,0 

3Hepronoxpe6jieHHe,  Bx*^ 

950 

*)  fljia  o;^Horo  cnyxHHxa 

Ta6jiHpa  1.2 


XapaKxepHCXHKH 

SHancHHe 

Macca  cnyxHHxa  na  nepexoaHoil  op6Hxe,  kx 

620 

Macca  cnyxHHxa  na  FCO,  kx 

520 

Macca  noaesHofi  naxpysKH,  kx 

125 

MoipHocxb  CHcxcMbi  aacKxponHxaxma  npn  paOoxe  Jiy  c 
3P/],  Ha  nepexoanoH  opSHxe,  Bx 

3250 

BpeMa  BbiBcacHHa  na  FCO,  cyx. 

145 

ToHHocxb  HoaaepacaHHa  napawsexpoB  op6HXbi  no  mnpoxe 

H  aoaxoxe 

+  0,1° 

ToHHOcxb  opHCHxanHH  H  cxaSnaHsanHH  no  xpcM  ocaM 

±0,1° 

CpOK  aXXHBHOXO  CymeCXBOBaHHH 

10  aex 

OpGnxa  4)yHKii;HOHHpoBaHHa 

xeocxapHOHapnaa 

PaKcxa-HOCHxeab 

«Cxpeaa»  +  PB 

Ta6jiHii,a  1.3 


HaHMCHOBaHHe 

Macca,  kx 

CnyxHHK  Ha  nepexoanoH  op6Hxe 

620 

CnyxHHK  Ha  FCO 

520 

Bopxonaa  cHcxeMa  cbhsh 

125 

KoHCxpyKnna  c  ycxpoiicxBaMH  CHCxcMbi 

80 

xepMopexyaHpOBaHHa 

100 

JlBHxaxeabHaa  ycxanosKa  cyxaa 

75 

CHCxema  oacKxponHxaHHa 

110 

BopxoBaa  KaGeabHaa  cexb 

10 

Kcchoh, 

120 

B  X.n.  kcchoh  KOppCKIlHH  OpGHXbl 

20 

CnyxHHK  HoaHocxbK)  coGpanHbm,  HcaanpaBacHHbiH 

500 

KCCHOHOM 

B.  HBauiHH 


peajiHsai^HH  yKaaaHHwx  b  xaGjiHpax  xapaxTepHCTHK  cnyxHHKa 

Heo6xoa;HMo: 

HcnojibsoBaxb  b  ero  cocxaBe  annapaxypy  h  ajieMenxti  KOHCxpyKpHH  na 
coBpeMeHHOM  xexHHHecKOM  ypoBHe; 

HcnojibBOBaxii  cxaGHJiHsapnio  BpameHHeM  npH  pa6oxe  pasroHHoro  6jioKa, 
Hxo  II03B0JIHX  HCKJiioHHXB  H3  6X0  cocxasa  KaHaiom;ee  coniro,  6opxoBOH  hcxohhhk 
MOIBHOCXH,  pyjieBBie  npHBO,a;i>i  h,  xekhm  o6pa30M,  3HaHHxenbH0  yMCHBinuxB  Maccy 
KOHCXpyKpHH  6jI0Ka. 

1.4.  BbiBC/^CHHe  MKA  na  reocxapHonapHyio  op6Hxy. 


B&iBex^cHHe  cnyxHHKa  CBa3H  (HC3  PycjiaH-MM)  Ha  reocxapHOHapHyio  opSnxy 
paKexoH-HOCHxejieM  «Cxpejia»,  C03Zi;aBaeM0ii  na  6a3e  KOHBepcHpycMOH  paKexfci  PC- 18  c 
KOCMOXipOMa  «CB06o.IlHtIH»  COCXOHT  H3  cjic/iyiomHx  yHaCXKOB: 

-  yaacxoK  pa6oxbi  I  h  II  cxynenn  h  AITB,  na  KoxopoM  oSecneHHsaexca 
BbiBCfleHHe  CBflSKH  HC3  H  PB  Ha  onopHyio  op6Hxy.  3HeprexHHecKHe  bosmoxchocxh  PH 
«Cxpejia»  noBBoaarox  bbibccxh  cBa3Ky  HC3  h  PB  na  KpyroByio  onopHyio  opGnxy 
bbicoxoh  170  km  h  HaKnoHeHHCM  52°  Maccoii  2100  icr; 

-  ynacxoK  cxa6HaH3HpoBaHHoro  naccHBHoro  noaexa  CBasKH  no  onopHoft  opGnxe 
AO  nepecencHHa  ee  c  OKBaxopxiajibHOH  naocKOcxbio,  acenaxeabHO  npn  BxopoM 
nepeceHCHHH  b  BOcxoflaineM  y3Ae; 

-  ynacxoK  nepeBo^a  HC3  na  nepexoAHjxo  BbicoKoaajiHnxHHecKyio  opOnxy  c 
napaMcxpaMH: 

=  1700  km; 


Ha  =  1 00000  km; 

i  =  52°. 


Hpn  3XOM  xoHKH  HcpHrca  H  anorea  nepexoAHoii  opOnxM  aeacax  b  xoHKax 
nepeceHCHHa  ee  c  aKBaxopnajiBHOH  imocKocxbio. 

HepeBOA  HC3  na  BbicoKoajiannxHHecKyio  nepexoAHyio  opOnxy 
ocymecxBaaexca  nyxeM  Hcnoab30BaHHa  OHeprexHKH  xsepAoxonaHSHoro  paaroHHoro 
OaoKa.  B  pesyatxaxe  paOoxw  PB  odecnenHBaexca  npHpameHHe  cKopocxH  2909  m/c  (c 
7806  m/c  AO  10715  m/c),  hxo  cooxBexcxByex  cKopocxH  a  nepnree  saAaHHOH 
BbicoKOBABHHXHHecKOH  nepexoAHOH  opOnxbi.  Hocae  OKOHnaHHa  paGoxbi  /];y  PB  HC3 
oxAeaaexca  ox  PB  h  HaaHHaex  ABHacenne  no  nepexoAHoii  opSnxe.  Macca  HC3  b  3xox 
momchx  cocxaBaaex  620  kx.  B  cocxab  HC3  bxoahx  3P/]|y  Ana  ocymecxBACHHa 
nepexoAa  HC3  c  nepexoAHoil  BbicoKOOAaHnxHnecKOH  opSnxbi  na  xeocxanHOHapnyto 
opGnxy.  3anac  paOonexo  xonaHBa  (KcenoHa)  3Pfl|y  cocxaBAaex  100  kx.  B  cocxase 
3'PJ\Y  4  oAHOBpcMeHHO  pa6oxaiom,Hx  ffV  M70  c  xaxoH  0,004  kx  y  KaacAoxo  h 
Rya=1510  c. 

HpeAAaxaexca  cacAyiomaa  nocACAOBaxeAbHocxb  axanoB  nepcBona  HC3  c 
nepexoAHOH  opSHXbi  Ha  FCO: 

3xan  1  -  yBCAHHeiffle  Bbicoxbi  iiepHxea  ao  BeAHHHHbi,  xac  B03MoaceH  noaex  HC3 
c  paGoxaiomett  3P7iy.  Ha  axox  axan  oxecacho  2  bhxkb.  3P/];y  BKAionaioxca  na 
AopaxxoH,  Ha  ynacxKax  xac  34)4teKXHBHocxb  yBeaHncHHa  nepnxea  He  Menee  60  -  70%.  B 
KOHne  Bxopoxo  BHXKa  Bbicoxa  nepHxea  nepexoAHoft  opGHXbi  Aocxnxaex  1000  km  (pnc. 
1.2). 


3xan  2  -  noBopox  naocKocxH  op6HXbi  hcxoahoxo  HaKAOHCHHa  (i  =  52°)  ao 
coBnaACHHa  c  SKBaxopnaabHOH  naocKocxbio  (i  =  0°).  Ha  3xom  3xane  xara  3P/I,y 
HanpaBAena  nepneHAHKyaapHO  naocKocxH  nepexoAHOH  opOnxbi  b  HanpaBaennH 


B.  HBauiHH 


yMeHBinaioineM  BejiHHHHy  HaKJiOHenHa  op6HTi>i.  Ho  pesyntTaxaM  pacnexoB 
onpeaeneno,  hto  aHcprexH'xecKH  BfciroflHO  brjiio^hti.  3PJiy  b  /^Hanaaone  +  30° 
HCTHHHOH  aHOMaiiHH  OTHOCHxejiBHO  TOHKH  anoxeH  (&  =  150°  210°).  PenieHHe  sa^an 

BToporo  axana  npoHcxo^HX  npn  flBHxceHHH  HC3  b  xeneKHe  29  bhxkob.  3axeM 
Heo6xoflHMO  nepeiixH  k  pemeHHio  aaaaM  xpextero  sxana. 

3  3xan  -  oflHOBpeMCHHoe  yBejiHHeHHe  bmcoxm  nepHrea  h  CHHaceHHa  bbicoxbi 
anorea  flo  bbicoxbi  FCO,  x.e.  nepesofl  IiC3  na  FCO.  Jl^aa  pemeHHa  3xoh  sa^^aHH  3P/],y 
BKaroqaioxca  na  /i;opa3roH  b  paftoHe  anorea  h  na  xopMoacenne  b  pafioHe  nepnrea. 
npOfloaacHxejiBHOcxb  ynacxKOB  paOoxbi  3P/ty  saflaexca  BeaHHHHon  3(|)4)eKXHBHOCXH 
H3MeHeHHa  napaMexpoB  opOHXbi. 

npH  pemeHHH  sa/iann  onxHMHsamiH  ynpaBnenna  3Pfl,y  Sbuin  paccMoxpeHbi 

K03(|)4)Hu:HeHXbi  3(J)(^eKXHBHocxH  B  cjiejiyiomHX  aHanaaonax; 

-  K034)4)Hn;HeHX  yBejinnenna  bbicoxh  nepnrea  ox  60%  flo  90%, 

-  K034)4'Hi];HeHX  yMenbrnenna  bwcoxh  anorea  ox  60%  /^o  80%. 

Ha  nepeBOA  MC3  c  nepBOHanajibnoH  nepexoj^Hon  BbicoKoajinHnxHHecKon 
opGnxbi  na  FCO  xpe6yexca  145  cyxoK. 

Hpn  6ojiee  3kohomhom  pacxoflOBannH  paGonnx  aanacoB  Kcenona  BpeMa 
nepexo;ia  yBenn’qnBaexca.  3KOHOMHa  1  xr  Kcenona  cooxBexcxsyex  yBeannenHio 
BpeMenn  nepexo;i;a  na  3-4  cyxoK. 

/],aa  ynpaBJieHHa  nonexoM  cnyxHHKa  c  PB  ncnonbayroxca  xexHHnecKne  cpeflcxBa 
Ha  cocxaBa  cyipecxByioiiiiero  naaeMHoro  aBxoMaxHaHpoBanHoro  KOMnnexca  ynpaBaenHa 
PoccHHCKOH  OeaepapHH. 

B  cocxaB  HKy  axo^ax  penxp  ynpaBnenna  nojiexoM,  xexHHnecKne  cpe.ii;cxBa 
naaeMHbix  HaMepnxenbHbix  nynxxoB,  a  xaxace  cyipecTByiomaa  CHCxeMa  csaan  h 
nepejaanH  ^laHHbix. 

Hyn  npe/iJiaraexca  coaaaBaxb  na  Oaae  cpescxB  HHO  ManiHHOCxpoenHa,  aim  na 
ycaoBHax  apeH^(bi  na  oObeKxe  413  MO  (r.  KpacHoanaMencK)  hjih  b  HHHHMAIII  (r. 
Kopoaefi). 

Jim  nenocpe/icxBeHHoro  ynpaBaenna  Hcnoabayioxca  xexHHHecKHe  cpexicxBa 
naaeMHbix  naMepiixeabiibix  nynxxoB,  paaMemennbix  b  ropo;i;ax  CanKX-HexepGypr, 
IHeaKOBO,  MajioapocjiaBep,  EmiceHCK,  yaan-y^nie,  KoMCOMoabCK-na-AMype, 
yccypHHCK. 


B.  HBauiHH 


2.  Jehi  arejibHag  vcxaHOBKa 


J],BHraTejii>HaH  ycxanoBKa  npe^FiasHaHeHa  BbiBeACHHa  HC3  «PycjiaH-M]VI» 
c  npoMeacyxoHHOH  na  reociauHOHapHyio  opGHxy,  cxaGHJiHsapHH  b  npoii,ecce 
BbiBCfleKHa  H  KoppeKpHH  op6HXbi  HC3  B  npoi^ecce  (^yHKpnoHHpoBaHHH  na  opGnxe. 

B  Jiy  ycxaHOBneHbi  8  cxapHOHapHbix  njiasMeHHbix  flBHxaxeneH  M70, 
pa3pa6oxaHHbix  0KB  "OaKeji". 

OcHOBHbiM  xpe6oBaHHeM  K  flBHxaxejibHOH  ycxanoBKe  HBnaexca  speMa 
4)yHKi];HOHHpoBaHHa,  Koxopoe  AoaacHO  6bixb  He  MCHee  10  aex,  hxo  cooxsexcxByex  ^aa 
paccMaxpHBacMOH  /l,y  pecypcy  o^tHoro  ASHxaxeaa  ox  3900  ao  4100  nacoB  h  okoho 
4500  BKjlKDHeHHH. 

Ilo  flaHHbiM  HHH  npHKaaOTOH  MexaHHKH  h  aacKxpo/iHHaMHKH  Mockobckoxo 
rocy^tapcxBeHHoro  aBHaii;HOHHoro  HHCXHxyxa,  cooOmeHHbiM  b  paOoaeM  nopa/iKe  na 
saceflaHHH  npoGacMHoro  coBexa  Xe  5  HTC  PKA  20  isiapxa  1997  ro^a,  k  HacxoameMy 
BpeMCHH  flBHxaxeab  M70  HMeex  pec3^pc  5000  nacoB  h  6000  BKaioHeHHH. 

/],BHraxenH  M70  ycxanaBanBaioxcH  na  noBopoxHbix  naax<]^opMax.  OoBopox 
^BHraxeneH  oOecneHHsaex  cxaGnaHsaHHio  h  opHeHxauHio  HC3  bo  BpeMa  hx  pa6oxbi 
Kax  Ha  yqacxKe  nepexo;ia  c  npoMeacyxoHHOH  opOHXbi  na  reocxapHOHapHyio,  xax  h  Ha 
paGoHCH  opSHxe.. 

rio  ^FaHHbiM  0KB  "Oaicea"  FFBHxaxeaH  M70  nponuiH  noaHbiH  oGbcm  oxpa6oxKH 
H  c  1 982  roaa  OKcnayaxHpyioxca  b  cocxaBe  HC3  paaaHHHoro  HaanaHCHHa.  B 
Hacxoamee  BpeMa  npoexxHpyexea  hx  HcnoabsoBaHHe  na  cnyxHHKax  "CeBep" 
(paapaGoxxa  HIlO  npHKaaHHOH  MexaHHKH)  h  "ilMaji-100"  h  "^Maji-200"  (paapaOoxKa 
PKK  "OHeppHa"). 


3.  CHCTCMa  VnpaBJlCHHH 

3.1.  HaBHaneKHe  h  ocHOBHbie  xpe6oBaHHa. 

CnexeMa  ynpaBaeHHa  FFBHxceHHeM  (CY/l^)  npe^HasHaHeHa  jxna  ynpaBnenna 
HBHaceHHeM  enyxHHKa  (HC3)  c  paaroHHbiM  6aoKOM  (PB)  na  onopnoH  opGnxe  h 
ynpaBHCHHa  HBHXcenHeM  enyxHHxa  Ha  nepexo/iHbix  opGnxax  h  na  reocxaHHOHapHOH 
opGnxe. 

Cy/]|  j^ojiacHa  o6eeneHHXb: 

-  AeMn(|)HpOBaHHe  yraoBbix  eKopocxeii  cnyxHHKa  c  PB  h  6e3  PB; 

-  opHeHxapHio  H  yraoByio  exaGnaHsaHHio  enyxHHKa  oxHOCHxeabHO  xpeGyeMOH 
eHcxeMbi  KOopflHHax  e  norpeuiHocxbK)  (3  ct)  ne  Goaee: 

-  6  yrji.  MHHyx  /FJia  cnyxHHKa  oxHocHxeabHO  opGnxaabHOH  encxeMbi 
KoopflHHax  (OCK)  Ha  reocxauHOHapHOH  opGnxe; 

-  15  yra.  MHHyx  flaa  cnyxHHKa  c  PB  hhh  6e3  PB  na  onopnoH  h  nepexoj^Hbix 
opGnxax  oxHOCHxeabHO  OCK  hjih  oxHocHxeabHo  HHeppHajibHOH  CHCxeMbi  Koopannax 
(HCK)  c  ynexoM  nporpaMMHbix  yraoB  npn  Bbi/iaHe  pasroHHbix  HMnyabcoB  xara; 

-  60  yra.  MHHyx  aaa  cnyxHHKa  oxHocHxeabHo  OCK  hhh  eoaHennoH  encxeMbi 
KoopaHHax  B  HHxepBajiax  Me»:fly  Bb^anaMH  pa3roHHbix  HMnyabcoB  xaxH; 

-  BoccxaHOBneHHe  opGnxajibHOH  opneHxapHH  b  caynae  ee  nemxaxHOH  noxepn 
Han  naaHOBoro  HapymeHHa. 


B.  HBamHH 


B.  HBaiiiHH 


Phc.  1.2 


BBiBe;];eHHe  cnyxHHKa  «PycJiaH  MM»  MaccoH  620  Kr  ocymecTBjiaeTca  PH 
«CTpena». 

fliaxHHKOBaa  annapaxypa  fljia  ynpaBJicHHa  cnyxHHKOM  h  PB  ycxanaBJiHBaexcH  Ha 
cnyxHHKe. 

YnpaBJicHHe  cbkskoh  cnyxHHKa  c  PB  ocyipecxBJiaexca  c  noMombio 
HcnojiHHxeHBHbix  opranoB,  ycxaHOBJieHHBix  Ha  PB,  h  c  noMombio  ;^BHraxejieH- 
MaXOBHKOB  H  3Pfl,  yCXaHOBJICHHBIX  Ha  CnyXHHKe. 

CpoK  aKXHBHoii  SKCHjiyaxapHH  cnyxHHKa  lO-f-12  Jiex. 

YnpaBJicHHe  ^BHaccHHeM  peHxpa  Macc  cnyxHHxa  c  PB  h  6e3  PB 
ocymecxBJiaexca  no  HH(J)opMaHHH  annapaxypti  AHCH  h  HKY. 

3.2.  ripHHHHH&I  HOCXpOCHHa  CHCXeMbl. 

CxpyKxypHO  CY/I,  coflepacHx: 

CHcxeMy  opGHxajiBHOH  opHeHxapHH,  BKJiioHaiomyK)  KOHxypbi 
aCXpOHHepPHaJIBHOH  CHCXeMM,  KOHXyp  KOppeKHHH  XHponpHGopa  OpHCHXaHHH  HO 
flaxHHKaM  CojiHHa  h  Scmbh  h  KOHxyp  KoppcKpHH  rHponpH6opa  opHeHxau,HH  no 
flaxHHKy  Scmhh; 

CHCXCMy  MaXOBHHHOH  yXJIOBOH  CXa6HJIH3aHHH  C  pa3rpy3KOH  MaXOBHKOB  c 
HOMombK)  3P/1I; 

CHCxeMa  yrjioBOH  cxa6HJiH3au;HH  Moacex  xaKxce  pa6oxaxi>  6e3  MaxoBHKOB  npn 
3aB;eHcxBOBaHHH  xojilko  3P^  cnyxHHKa  h  ^Y  PB  b  peacHMax  fleMn4)HpoBaHHa 
yxjioBbix  cKopocxcH  Hocjie  pacHCHKH  c  PH  H  PB,  a  xaxace  b  peacHMe  BoccxanoBjicHHa 
OpHCHXaHHH  H  B  peBCpBHOM  pcaCHMC  yXJIOBOH  CXaSHBHaaHHH. 

B  cocxaB  annapaxypbi  CHcxeMbi  opHeHxapHH  Bxo/iax  rHponpnOop  opHeHxapHH, 
acxpo.ziaxHHKH,  HaxHHK  CojiHHa,  HK-BcpxHKajib  h  LI,BM,  Koxopaa  xanace  bxo^hx  b 
cocxaB  BBK. 

Hpn  HopMaxbHOH  opHCHxaHHH  cnyxHHKa  na  reocxaHHOHapnoH  opGnxe 
rnponpHGop  opHCHxapHH,  KoppeKxupyexca  CHXHajiaMH  HK-sepxHKajiH,  no  xpeny  n 
xanraacy  n  cnrnaiiajviH  ^taxnnxa  Connua  no  xypcy,  oOecncHHBaa  xpeOycMyio  xonnocxb 
opnenxanHH. 


4.  EoPTOBOii  BMHHCJIHTeJIbHMH  KOMnJTCKC. 


4.1.  Haananenne  6opxoBoro  Bbrancanxeabnoro  KOMnjiCKca. 

BBK  npeAHa3HaHeH  jim  oGecncHenna  pemenna  Bcex  aanan,  BOBJiaracMbix  na 
BKY,  ann  aero  aoaacen  oGecnennBaxb: 

-  oGmch  HH(J)opMauiHen  c  KHK  na  Bcex  axanax  naacMHbix  oxpaGoxox; 

-  npncM,  xpanenne  n  oxpa6oxKy  paGonnx  nporpaMM,  npnnaxbix  c  HKY; 

-  oOecnenenne  npe^cxapxoBbix  npOBCpoK  n  ynacxxa  BbiBejjeHna; 

-  ynpaBaenne  OopxoBon  annapaxypon; 

-  HnarnocxHKy  cocxoanna  SopxoBon  annapaxypbi  no  HannbiM  ox 
xeaeMcxpHnecKOH  cncxcMbi  n  napanexpoB,  nocxynatomnx  b  BBK; 

-  opraHHBapHK)  ceanca  c  AHCH  n  npncM  /lannbix  ox  AHCH; 

-  pemenne  3a,a;aH  b  Konxype  cncxcMbi  ynpaBJienna  HBHacenneivi; 

-  pacnex  n  npoBCflenne  HMnyxbca  KoppeKpnn; 
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-  Be^teHHe  SopxoBOH  niKajibi  bpcmchh; 

-  opraHHsaiiiHio  ceancoB  cbhsh  c  HKY; 

-  npoBeflenne  xecTHpoBaHHH  coScxaeHHOH  pa6oxocnoco6HocxH; 

-  c6poc  AHaxHocxHqecKOH  HH4)opMau;HH  na  HKY  nepes  o6paxHbiH  Kanaji  BA- 
KHC  HJiH  qepea  pa;3,HOKaHaji  BCC; 

-  npHeM  c  HKY  hobbix  nporpaMMHBix  MOflyjiefi,  xpaneHHe  h  HcnojiHCHHe  hx; 

-  npoBe/ieHHe  CBepxH  SopxoBOH  niKajibi  speMeHH  c  HKY  hjih  AHCH. 

4.2.  XapaKxepHcxHKH  BBK. 

JXnsi  o6ecneqeHHfl  saflaHHoro  cpoxa  aKXHBHoro  cyipecxBOBaHHH  10-^12  aex  BBK 
cxpoHxca  no  xpexKanajibHOH  cxeMe  na  ochobo  BbicoKonaflexcHbix  njiax  aiviepHKaHCKOH 
4)HpMbi  OCTAGON  SYSTEMS.  Tpe6yeMbiM  xexHnnecKHM  xapaKxepncxHKaM 
oxBcnaex  6opxoBOH  KOHxpojuiep  paspaGoxKH  PHHM  KH.  OOnjaa  Macca  BBK  (na 
OCHOBC  SopxoBoro  KOHxpojiJiepa)  6e3  ynexa  Maccbi  paMbi  jxjia.  xamnxbi  ox  ecxecxBeHHon 
paanapHH  11  kx  h  o6beM  20  n.  Hpn  npHMeneHHH  3a^:^HXHOH  paMbi  Macca  BBK 
yBCjTHHHXca  npHMcpHO  na  30%.  TaxxoBaa  nacxoxa  npopeccopa  25  Mrp,  noxpeOncHHe 
BBK  cocxasjiaex  1 6  Baxx. 


5.  KoMamjHo-H3MepHTejibHag  CHcxeivia. 

B  KanecxBc  BA  KHC  npeflnaraexca  ncnoabsoBaxb  annapaxypy  napoano- 
xo3aHCXBeHHoro  naxHaHCHHa  xnna  HA  907  paapaOoxKH  PHHH  KH,  r.  MocKsa. 

OcHOBHbie  xexHHnecKHC  xapaKxepncxHKH. 

1 .  Macca  aniiapaxypbi  IJ,A  907  (6e3  AOY)  c  paMoil  -  55  kx. 

Hpn  yxoHHCHHH  paaMemcHHfl  na  cnyxHHKC  h  nocxpoenna  exo  BKY  Macca 
annapaxypbi  Moacex  6bixb  cnnacena  xi,o  50  kx. 

B  nacxoaipee  spcMa  b  PHHH  KH  npoBOflaxca  paOoxu  no  paapaGoxxe  GopxoBon 
annapaxypbi  na  cospcMCHHOH  ajicMenxHOH  Oaae  (b  xom  nncne  n  c  ncnojibsoBanneM 
sapySeacHOH  ajieMCHXHOH  6a3bi).  Macca  BA  KHC,  paspaOoxKy  Koxopon 
npeflnojiaxaexca  aaBepmnxb  HcnbixaHnaMH  onwxnbix  oOpaspoB  b  1998-99  xo/iax,  Gynex 
cocxaBJiaxb  30-40  kx. 

2.  Hhcjio  kombha  b  chcxcmc: 

Hanpaacenna  27  B  -  214; 

b  bhac  KOAOBbix  cHxnajiOB  -  255. 


6.  CncTCMa  ajieKTponHxaHHH. 


Bee  cocxaBHbie  nacxn  COH  paapaOaxbiBaioxca  AJia  yexanoBKH  nx  bhc 
xepMOKOHxeHHepa. 

Ho  (JiynKAHonajibHOMy  naxHanenHio  COH  Aennxea  na  cneAyroniHe  cocxaBHbie 

nacxn: 

1)  Gaxapea  cojiHennaa  (BC); 

2)  Oaxapea  XHMnnecKHX  aKKyMynaxopoB  (BXA); 

3)  annapaxypa  ynpaBneHHa  n  Konxpona  anepxHH  (AYK3); 

4)  MeacOjioHHaa  KaSejibnaa  cexb  (MKC); 

5)  annapaxypa  ynpaBnenna  BC 
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OcHOBHbie  napaMexpE,!  C3n  rioJiyHeHbi  b  pesyjiBTaTe  pacnexoB  paSoxti  4-x 

AnajiHS  pHKjiorpaMM  3Hepronoxpe6jieHHa  nosBoaaex  bbwcjihxb  xpH 
xapaKxepHBix  ypoBHa: 

1)  aHepronoxpeSjreime  BKY  npn  npe;];cxapxoBOH  no^i;roxoBKe  h  na  ynacxKe 
BtiBe^ieHHH  Ha  onopHyio  opSnxy  b  xencHHe  2  nacoB  -  160  Bx; 

2)  aHepronoxpeSaeHHe  na  nepexo^Hbix  opGnxax  b  xenenne  145  cyxoK- 
2840  Bx; 

3)  3Hepronoxpe6jieHHe  na  FCO  (xanoBbie  cyxKH): 
nocxoHHHoe  na  ocBemcHHbix  ynacTKax  opOHXBi  -  1 1 10  Bx, 
nocxoxHHoe  na  xeneBbix  ynacxxax  opSHXbi  -  900  Bx, 

AonojiHHxejiBHoe  -  BKJHOHeHHe  o^Horo  3P^  xojibko  Ha  ocBemeHHbix 
ynacxKax  opGnxBi  c  MomHocxbio  noxpe6jieHHa  670  Bx  ;i;Ba  pasa  b  cyxxH  no 
70  MHHyx  Kaxcfloe. 

Bca  KoonepaHHa  cosflaHHX  C3n  na  HOO  ManiHHOcxpoeHHH  cjiojKHJiacb  b 
OCHOBHOM  c  Hanajia  cosHiaHHa  HC3  “AjiMas”,  h  HMeex  onbix  cosflaHHa  C3n  x(jia 

flpyXHX  KOCMHHeCKHX  CHCXCM. 


7.  PasrpHHfciH  6jiok 


PaKexHbiH  flBHraxeitb  xBepjioro  xonjiHBa  npe^[Ha3HaHeH  HJia  HcnojibsoBaHHX  b 
KanecxBe  pasroHHoro  6jioKa  nna  BbiBo/ia  na  0K0Ji03eMH5xo  opSHxy  cnyxHHKOB  cbssh. 

TexHHHCCKHe  pemeHHa,  HcnonbsyeMbie  b  KOHCxpyKXHBHO-KOMHOHOBOHHOH 
cxeMe  ;iBHraxejia,  npomaH  hojihbih  oObcm  HaacMHbix  h  jicxhbix  HcnbixaHHH. 

KoHcxpyKXHBHo-KOMHOHOBOHHaa  cxBMa  TiBHraxejieH  (pHC.  7.1)  BKJHonaex; 

-Kopnyc  H3  opraHonnacxHKa  c  sajiHBHbiM  aapa^noM  TBep/i;oro  xonjiHBa  MapxH 
Hiyn  KJiacca  6e3onacHOcxH  1.3; 

-CHCxcMy  sanycKa  h  npe^ioxpaHeHHfl  ox  HecaHKu;HOHHpoBaHHoro  xanycxa ; 

-cxauHOHapHoe  cohjio,  o6ecneHHBaioni;ee  bhcokhh  ynejibHbiH  HMnyjibc  npn 
OXHOCHXeJIbHOH  CXeHeHH  paCHIHpeHHH  da/dKp=  8. 

KpenjieHHe  oxflejiaeMbix  6jiokob  ocymecxBJieno  HHpoSoJixaMH, 
HCKJHonaiomHMH  BbiSpoc  OCKOJIKOB  H  xaBOB  npH  Hx  cpa6axbiBaHHH.  Macca  Kaxcaoro 
nnpoOojixa  ~0,5  kx. 

KaxcflbiH  ;^BHraxejib  nocjie  ycxanoBKH  h  penxpoBKH  H3;[i;ejiHfl  b  nejiOM  hmccx 
B03MOXCHocxb  ocyni;ecxBJiflXb  Haso^Ky  BCKxopa  xarn  b  ii;eHxp  Macc. 

OcHOBHbie  xapaKxepHCXHKH  h  raOapHXHbie  pasMcpbi  ^[BHraxejifl  npe^cxaBnenbi 
HapHC,  14.1. 

OpeanonaraeMafl  Koonepanna  paapaOoxHHKOB  h  HsroxoBHxejieft: 

-  Kopnyca  P)]|TT  c  cohjiom  -  HlIO  «McKpa»; 

-  HHpoSojixbi  -  HOO  ManiHHOCxpoeHHa; 

-  3apa/iibi  H  BOCHJiaMeHHxejiH  -  Oe/tepajibHbift  nenxp  ;];BOHHbix  xexHonoxHH 
«COK)3». 


8.  KoonepaiiHH  ochobhbix  HcnojiHHTCJieH 

B  paapaOoxKe  chcxcm  h  arperaxoB  MKA  npHHHMaitH  ynacxHe  paa;  Be^iymnx 
npeflnpHaxHH:  HHH  3jieKxpoMexaHHKH»,  HKH,  HDO  «OaKeji»,  PHHH  KII, 

HITO  «HcKpa»  (r.  IlepMb),  HMeiontHe  6ojibmoH  ohbix  h  sa^ea  no  cosflaHHio  H3;];eaHH 
;^Jia  KOCMHHeCKOH  XeXHHKH. 


B.  HBaniHH 
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Introduction 


The  following  materials  present  the  results  of  the  work  on  defining  basic  characteristics 
of  a  small  communication  spacecraft  Ruslan-MM. 

1.  Small  communication  spacecraft  (SSC) 

1.1.  Composition  of  the  spacecraft. 

The  satellite  includes: 

-  a  body 

-  an  onboard  communication  system  (OBCS) 

-  an  onboard  control  complex  (OBCC) 

-  a  propulsion  plant  (PP) 

-  a  power  supply  system 

-  a  thermal  control  system  (TCS). 

The  onboard  control  complex  includes  the  following  systems: 

-  an  onboard  computer  complex  (OCC) 

-  a  motion  control  system  (MCS) 

-  onboard  equipment  of  the  comand  and  measuring  system  (OBE  CMS) 

-  a  telemetry  system 

-  satellite  navigation  user  equipment  (SNUE) 

-  onboard  automatics  equipment. 

A  specific  feature  of  the  satellite  is  the  propulsion  plant  based  on  the  use  of  electric 
rocket  engines  (ERE)  and  xenon  as  a  working  medium.  The  power  supply  systems 
serves  as  a  source  of  energy  to  ERE. 

ERE  are  characterized  by  a  high  specific  impulse  (~  1,500  s)  and  small  mass.  The  thrust 
of  ERE  M-70  (Fakel  Design  Bureau)  is  4  grams. 
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The  propulsion  plant  is  used  for  imparting  additional  acceleration  in  order  to  put  the 
satellite  to  the  geostationary  orbit  (GSO),  to  correct  its  position  in  the  orbital  slot  and  to 
control  its  attitude. 

The  power  supply  system  includes: 

-  a  solar  panel/batteiy' 

-  a  Ni-H  chemical  storage  battery 

-  control  relays. 

The  solar  panels  are  fitted  out  with  silicon-based  photovoltaics. 

The  thermal  control  system  uses  heat  pipes. 

1.2.  SSC  design. 

Structurally,  the  satellites  ai'e  divided  into  two  parts:  a  universal  space  platform  (USP) 
with  service  systems,  and  a  replaceable  payload  module  (onboard  communication 
system). 

The  communication  satellite  has  a  shape  close  to  that  of  a  cube.  A  body  presenting  a 
truss  structure  is  a  basis  of  the  satellite.  A  large-diameter  tube  that  serves  as  a  body  for 
the  instrument  compartment  is  located  in  the  center  of  the  body.  Besides  that,  the  tube 
houses  a  xenon  tank  that  forms  part  of  the  propulsion  plant.  The  onboard  system 
elements  are  mounted  on  the  outer  surface  of  the  satellite. 

Removable  panel  assemblies  with  onboard  repeater  equipment  are  mounted  on  the 
“southern”  and  “nothem”  faces  of  the  body  (face  names  are  related  to  their  otientation 
during  a  standard  flight  on  GSO).  Solijr  panels  of  the  power  supply  system  are  located 
on  the  outer  surface  of  these  panel  assemblies.  The  panels  are  provided  with  radiation 
heat  exchangers  (RHE)  of  the  satellite’s  thermal  control  system.  The  C-band  receiver 
and  transmitter  are  located  respectively  on  the  “eastern”  and  “western”  faces. 

The  IR  vertical,  the  star-tracking  sensor  and  the  solar  sensor  that  form  part  of  the  motion 
control  system,  antennas  of  the  repeater  and  the  Ku-band  beacon,  satellite  navigation 
user  equipment,  a  part  of  antenna  arrays  of  the  onboard  equipment  of  the  command  and 
measuring  system  (OBE  CMS)  are  located  on  the  “earth”  face.  Two  wide-beam  QBE 
CMS  antenna  arrays  are  located  on  the  “anti-earth”  face. 

A  general  view  of  the  satellite  is  shown  in  Fig.  1 . 1 . 

1.3.  Basic  SSC  specifications. 

Basic  data  of  the  onboard  repeaters  of  three  Ruslan-MM  satellites  (taken  together)  are 
given  in  Table  1.1.  Basic  data  on  the  satellite  itself  are  given  in  Table  1.2.  The  satellite 
mass  budget  is  given  in  Table  1.3. 
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Table  1.1. 


Specification 

Repeater 

C-band 

Ku-band 

Number  of  transponders 

14 

22 

TWT  power,  W 

15 

20 

Number  of  channels  (64  Kbit/s) 

8,960 

14,080 

Mass  of  OBCS  (with  antenna  arrays) 

125.0 

Power  consumption, 

*)  TD™ _ _ 

950 

For  one  satellite 


Table  1.2 


Specification 

Value 

Satellite  mass  on  the  transfer  orbit,  kg 

620 

Satellite  mass  on  GSO,  kg 

520 

Payload  mass,  kg 

125 

Power  of  the  power  supply  system  during  operation 
of  the  propulsion  plant  with  ERE  on  the  transfer 
orbit,  W 

3,250 

145 

Accuracy  of  maintaining  orbit  parameters  in 
latitude  and  longitude 

±0.1° 

Orientation  and  stabilization  accuracy  in  three  axes 

±0.1° 

Lifetime 

10  years 

Operational  orbit 

geostationary 

Launch  vehicle 

Strela  +  boost  stage 

Table  1.3 


Description 

Mass,  kg 

Satellite  on  the  transfer  orbit 

620 

Satellite  on  GSO 

520 

Onboard  communication  system 

125 

Thermal  control  system 

80 

Onboard  control  complex 

100 

Dry  propulsion  plant 

75 

Power  supply  system 

no 

Onboard  cable  network 

10 

Xenon  including  xenon  for  orbit  correction 

120 

20 

Fully  assembled  satellite  without  xenon 

500 

In  order  to  implement  the  above  satellite  specifications,  it  is  necessary: 

-  to  use  modem  equipment  and  structural  elements 

-  to  use  spin  stabilization  during  operation  of  the  boost  stage  which  will  allow  to 
exclude  a  swivel  nozzle,  an  onboard  power  source,  actuators,  thus  considerably  reducing 
the  stage  mass. 
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RUSLAN-MM  COMMUNICATION  SATELLITE 
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Fig.  1.1 


V.Ivashin 


1.4.  Putting  SSC  onto  the  geostationaiy  orbit. 

Putting  the  communication  satellite  (Ruslan-MM)  onto  the  geostationary  orbit  from  the 
Svobodny  Cosmodrome  by  the  Strela  launch  vehicle  being  created  on  the  basis  of  the 
RS-18  ballistic  missile  consists  of  the  following  phases: 

-  a  phase  of  operation  of  the  1  st  and  the  2nd  stage  PP  and  autonomous  instrument  unit 
PP  which  enables  putting  a  cluster  of  the  satellite  and  the  boost  stage  (BS)  to  a  reference 
orbit.  Strela  LV  lifting  capacity  allows  to  put  a  cluster  of  the  satellite  and  BS  having  a 
mass  of  2,100  kg  to  a  circular  reference  orbit  with  an  altitude  of  170  km  and  inclination 
of  52°; 

-  a  phase  of  a  stabilized  passive  flight  of  the  cluster  on  the  reference  orbit  till  its  crossing 
with  the  equatorial  plane,  preferably  during  the  second  crossing  on  the  ascent  leg; 

-  a  phase  of  satellite  transition  to  a  highly  elliptical  transfer  orbit  with  the  following 
parameters: 

170  km 

Ha-  100,000  km 
i  =  52° 


The  perigee  and  apogee  points  of  the  transfer  orbit  lie  in  the  points  of  its  crossing  with 
the  equatorial  plane. 

Transition  of  the  satellite  to  a  highly  elliptical  transfer  orbit  is  performed  by  the  solid- 
propellant  boost  stage.  Its  engine  imparts  velocity  acceleration  2,909  m/s  (from 
7,806  m/s  to  10,715  rn/s),  which  corresponds  to  the  velocity  in  perigee  of  the  preset 
highly  elliptical  transfer  orbit.  After  the  boost  stage  PP  is  shut  off,  the  satellite  separates 
from  the  boost  stage  and  starts  its  motion  along  the  transfer  orbit.  The  satellite  mass  at 
this  moment  is  620  kg.  The  satellite  includes  an  electric  rocket  propulsion  plant  (ERPP) 
needed  for  transition  from  the  highly  elliptical  transfer  orbit  to  the  geostationary  orbit. 
The  amount  of  xenon  for  ERPP  is  100  kg.  The  electric  rocket  propulsion  plant  includes 
four  simultaneously  operating  EREs  M70  with  a  thrust  of  each  equal  to  0.004  kg  and 
Rspec==  1,510  S. 

The  following  sequence  of  the  phases  for  transition  of  the  satellite  from  a  reference  orbit 
to  GSO  is  proposed: 

Step  1 :  Increase  of  perigee  to  a  value  where  a  flight  of  the  satellite  with  operating  ERPP 
is  possible.  Two  revolutions  are  allocated  to  this  phase.  ERPP  is  ignited  for  boosting,  at 
phases  where  efficiency  of  the  perigee  increase  is  not  less  than  60-70.  At  the  end  of  the 
second  revolution  the  perigee  altitude  of  the  transfer  orbit  will  be  1,000  km  (Fig.  1 .2). 

Step  2:  Turn  of  the  orbit  plane  with  initial  inclination  of  52°  until  it  coincides  with  the 
equatorial  plane  (i=0°).  At  this  step,  ERPP  thrust  is  directed  normal  to  the  transfer  orbit 
plane  in  the  direction  that  dicreases  orbit  inclination.  It  has  been  calculated  that,  from 
the  point  of  view  of  energy  consumption,  it  is  preferable  to  ignite  ERPP  in  the  range  of 


V. Ivashin 


±  30°  of  the  true  anomaly  with  respect  to  the  apogee  point  (S  =  1 50°  210°).  The 
second  step  will  be  completed  in  29  revolutions  of  the  satellite. 

Step  3 :  Simultaneous  increase  of  perigee  altitude  and  decrease  of  apogee  altitude  to 
GSO  altitude,  i.e.  satellite  transition  to  GSO.  To  solve  this  task,  ERPP  will  be  ignited  to 
boost  the  satellite  in  the  vicinity  of  apogee  and  to  decelerate  it  in  the  vicinity  of  perigee. 
Duration  of  the  phases  where  ERPP  will  operate  is  determined  by  the  efficiency  of  orbit 
parameters  change. 

The  following  ranges  of  efficiency  coefficients  were  considered  in  the  process  of 
solving  the  task  of  optimizing  ERPP  control : 

-  a  coefficient  of  perigee  altitude  increase  from  60%  to  90%, 

-  a  coefficient  of  apogee  altitude  decrease  from  60%  to  80%. 

It  will  take  145  days  to  transfer  the  satellite  from  the  initial  highjly  elliptical  transfer 
orbit  to  GSO. 


With  more  economical  consumption  of  xenon,  transfer  time  will  increase.  Economy  of 
1  kg  of  xenon  corresponds  to  increase  of  transfer  time  by  3  to  4  days. 


2.  Propulsion  plant 

The  propulsion  plant  is  designed  to  transfer  the  Ruslan-MM  satellite  from  an  interim  to 
the  geostationary  orbit,  to  stabilize  it  in  the  process  of  transfer  and  to  correct  the  satellite 
orbit  in  the  process  of  its  functioning. 

The  propulsion  plant  has  eight  M70  stationary  plasma  engines  designed  at  the  Fakel 
Design  Bureau. 

The  main  requirement  to  the  propulsion  plant  is  functioning  time  that  sould  be  not  less 
than  10  years  which  corresponds,  for  the  propulsion  plant  under  consideration,  to  the 
lifetime  of  one  engine  from  3,900  to  4,100  hours  and  about  4,500  ignitions. 

According  to  the  data  of  the  Research  Inctitute  of  Applied  Mechanics  and 
Electrodynamics  of  the  Moscow  State  Aviation  Institute  disclosed  at  the  meeting  of  the 
problems  council  No.5  on  March  20,  1997,  currently  the  M70  engine  has  a  lifetime  of 
5,000  hours  and  6,000  ignitions. 

The  M70  engines  are  mounted  on  turnable  platforms.  The  turn  of  the  engines  ensures 
satellite  stabilization  and  orientation  during  their  operation  both  at  the  phase  of  transfer 
from  the  interim  orbit  to  GSO  and  on  the  working  orbit. 

According  to  the  data  presented  by  Fakel,  M70  engines  have  undergone  a  full  cycle  of 
tests  and  since  1982,  they  have  been  used  on  different  satellites.  Currently,  they  are 
planned  to  be  used  on  such  satellites  as  Sever  (developed  by  NPO  of  Applied 
Mechanics)  and  Yamal- 100  and  Yamal-200  (developed  by  the  Russian  Space 
Corporation  Energia). 
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PUTTING  THE  SATTELITE  TO  THE  GEOSTATIONARY  ORBIT 
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3.  Motion  control  system 


3.1.  Designation  and  basic  requirements. 

The  motion  control  system  (MCS)  is  designed  to  control  the  motion  of  the  satellite  with 
the  boost  stage  on  the  reference  orbit  and  to  control  its  motion  on  transfer  orbits  and  on 
the  geostationary  orbit. 

MCS  must  provide: 

-  damping  of  angular  velocities  of  the  satellite  with,  and  without  the  boost  stage  (BS); 

-  orientation  and  angular  stabilization  of  the  satellite  relative  to  the  required  coordinate 
system  with  an  error  (3c)  not  more  than: 

6  angular  minutes  for  the  satellite  with  respect  to  the  orbital  coordinate  system 
(OCS)  on  the  geostationary  orbit; 

1 5  angular  minutes  for  the  satellie  with  or  without  BS  on  the  reference  and  transfer 
orbits  with  respect  to  OCS  with  consideration  to  programmed  angles  during  generation 
of  acceleration  thrust  impulses; 

60  angular  minutes  for  the  satellite  with  respect  to  OCS  or  the  solar  coordinate 
system  in  the  intervals  between  generation  of  acceleration  thrust  impulses; 

-  restoration  of  the  orbital  orientation  in  the  event  of  its  non-standard  loss  or  planned 
violation. 

The  Ruslan-MM  satellite  with  a  mass  of  620  kg  will  be  launched  by  Strela  LV. 

Sensors  required  to  control  the  satellite  and  BS  are  mounted  on  the  satellite. 

The  cluster  of  the  satellite  and  BS  is  controlled  by  actuators  mounted  on  BS  and  by 
flywheel  engines  and  ERE  mounted  on  the  satellite. 

The  satellite  lifetime  is  10  ■^12  years. 

Control  of  the  satellite  center  of  masses  mtion  with  or  without  BS  is  performed  based 
upon  information  from  the  satellite  navigation  user  equipment  and  ground  control 
complex. 

3.2.  Principles  of  the  system  building. 

Structurally  MCS  includes: 

-  an  orbital  orientation  system  that  includes  loops  of  the  astroinertial  system,  a  loop  of 
correction  of  the  gyro  device  of  orientation  by  sensors  of  the  Sun  and  the  Earth,  and  a 
loop  of  correction  of  the  gjTO  device  of  orientation  by  the  sensor  of  the  Earth; 

-  a  flywheel  angular  stabilization  system  with  flywheel  unloading  with  the  help  of  ERE. 
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The  angular  stabilization  system  can  also  function  without  flywheels  using  only  the 
satellie  ERE  and  BS  PP  in  the  modes  of  damping  of  angular  velocities  after  separation 
from  the  LV  and  BS  as  well  as  in  the  mode  of  restoration  of  orientation  and  in  the 
standby  mode  of  angular  stabiliszation. 

The  set  of  equipment  of  the  orientation  system  includes  a  gyro  device  of  orientation, 
star-tracking  sensors,  a  sun  sensor,  an  IR  vertical  and  a  computer  that  also  forms  part  of 
the  onboard  computer  complex. 

With  normal  orientation  of  the  satellite  on  the  geostationary  orbit,  the  gyro  device  of 
orientation  is  corrected  in  roll  and  in  pitch  by  signals  from  the  IR  vertical  and  in  course 
hy  signals  from  the  sun  sensor,  thus  providing  required  orientation  accuracy. 


4.  Onboard  computer  complex 

4.1.  Designation  of  the  onboard  computer  complex. 

OCC  is  designed  for  helping  the  onboard  control  complex  in  solution  of  its  tasks.  To  do 
that,  it  must  provide: 

-  data  exchange  with  the  command  and  measurement  complex  (CMC)  at  all  phases  of 
ground  tests  and  checks; 

-  reception,  storage  and  execution  of  working  programs  received  from  the  ground 
control  complex  (GCC); 

-  pre-launch  checkouts  and  the  boost  phase; 

-  control  of  the  onboard  instruments/equipment; 

-  diagnostics  of  the  onboard  equipment/instruments  state  by  the  data  from  the  telemetry 
system  and  parameters  coming  into  OBCC; 

-  organization  of  a  communication  session  with  the  satellite  navigation  user  equipment 
(SNUE)  and  data  reception  from  SNUE; 

-  calculation  and  execution  of  the  correction  impulse; 

-  keeping  the  onboard  time; 

-  organization  of  communication  sessions  with  GCC; 

-  self-testing; 

-  downlinking  giagnostic  data  to  GCC  through  the  return  channel  of  the  onboard 
equipment  of  the  command  and  measuring  system  (OBE  CMS)  or  through  the  radio 
channel  of  the  onboard  communication  system  (OBCS); 

-  reception  from  GCC  of  new  program  modules,  their  storage  and  execution; 

-  checking  the  onboard  time  with  GCC  or  SNUE. 

4.2.  OBCC  characteristics. 

In  order  to  ensure  its  lifetime  of  10  -j-  12  years,  OBCC  is  built  using  a  three-channel 
scheme  on  the  basis  of  highly  reliable  boards  manufactured  by  OCTAGON  SYSTEMS. 
The  onboard  controller  developed  by  RNII  KP  meets  the  required  specifications.  The 
total  mass  of  OBCC  (on  the  basis  of  the  onboard  controller)  without  the  mass  of  the 
frame  for  protection  agains  natural  radiation  is  1 1  kg  and  the  volume  is  20  1.  If  a 
protective  frame  is  used,  the  OBCC  mass  will  increase  by  about  30%.  The  processor 
clock  frequency  is  25  MHz,  its  power  consumption  is  1 6  W. 
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5.  Command  and  measurement  system 


It  is  proposed  to  use  general  purpose  equipment  of  the  type  L1;A  907  developed  by  RNII 
KP,  Moscow  as  OBE  CMS. 

Basic  specifications. 

1 .  Mass  of  LI,A  907  equipment  (without  an  antenna  feeder  device)  with  a  frame  is  55  kg. 

In  finalizing  arrangement  of  OBE  CMS  on  the  satellite  and  building  its  OBCC,  the 
equipment  mass  can  be  brought  down  to  to  50  kg. 

Currently,  RNII  KP  is  developing  onboard  equipment  using  modem  components 
(foreign  chips).  The  development  phase  and  tests  are  planned  to  be  completed 
in  1998-99.  OBE  CMS  mass  will  be  30-40  kg. 

2.  Number  of  commands  in  the  system: 

-  in  the  form  of  27V  voltage  -  214; 

-  in  the  form  of  coded  signals  -  255. 


6.  Power  supply  system. 

All  PSS  component  parts  are  developed  to  be  mountedoutside  the  pressurized  container. 
Functionally,  PSS  is  divided  into  the  following  basic  parts: 

1)  a  solar  panel  (SP); 

2)  a  chemical  storage  battery; 

3)  power  control  equipment; 

4)  inter-unit  cable  network; 

5)  SP  control  equipment 

Basic  PSS  parameters  have  been  obtained  as  a  result  of  calculations  for  operation  of 
four  ERE. 

Analysis  of  consumption  cyclograms  allows  to  identify  three  characteristic  levels: 

1)  OBCC  power  consumption  during  pre-launch  preparation  and  boost  phase  during  two 
hours  -  160  W; 

2)  power  consumption  on  transfer  orbits  during  145  days  -  2,840  W; 

3)  power  consumption  on  GSO  (a  typical  day): 

-  constant  consumption  on  illuminated  parts  of  the  orbit  -  1 . 1 10  W, 
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-  constant  consumption  on  shaded  parts  of  the  orbit  -  900  W, 

-  additional  consumption,  i.e.  ignition  of  one  ERE,  only  on  illuminated  parts  of  the  orbit 
with  power  consumption  670  W  twice  a  day,  70  minutes  each  time. 

The  subcontractor  network  for  PSS  creation  basically  was  formed  when  the  Almaz 
program  started,  and  it  has  experience  in  PSS  creation  for  other  space  systems. 


7.  Boost  stage 


A  solid-propellant  rocket  motor  (SPP^)  used  as  a  boost  stage  to  put  communication 
satellites  to  the  Earth  orbit. 

Technical  solutions  used  in  the  motor  design  and  configuration  have  been  fully  ground 
and  flight  tested. 

The  design  and  configuration  schematic  of  the  motor  includes; 

-  a  body  made  of  organoplastic  with  a  solid-propellant  charge,  brand  N1  UP,  safety  class 
1.3,  poured  into  it; 

-  a  system  of  ignition  and  prevention  of  non-authorized  ignition; 

-  a  stationary  nozzle  that  provides  high  specific  impulse  with  relative  degree  of 
expansion  da/dcr  =  8. 

Separatable  units  are  fixed  by  pyro  bolts  (four  bolts  )  that  contain  fragments  and  gases 
after  actuation.  The  mass  of  each  pyi'o  bolt  is  ~  0.5  kg. 

Each  motor  has,  after  mounting  and  satellite  centering,  a  possibility  of  directing  the 
thrust  vector  into  the  center  of  masses. 

Basic  specifications  and  dimensions  of  the  motor  are  given  in  Fig.  14.1. 

The  proposed  subcontractors  include,  in  particular: 

-  SPRM  bodies  with  a  nozzle  -  NPO  Iskra; 

-  pyro  bolts  -  NPO  Mashinostroyenia; 

-  charges  and  igniters  -  Federal  Center  of  Dual-Purpose  Technologies  “Soyuz”. 


8.  Main  subcontractors 


A  number  of  leading  enteiprises  took  part  in  development  of  SSC  systems  and 
assemblies:  Research  Institute  of  Electromechanics,  Institute  of  Space  Research  (IKI), 
NPO  Fakel,  RNII  KP,  NPO  Iskra  of  Perm  that  have  big  experience  and  technological 
heritage  in  creation  of  spacecraft  and  their  components. 
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AHAJIH3  HH3KOOPBHTAJILHbIX  CHCTEM  llEPCOHAJIbHOH 
CnyXHHKOBOH  CBfl3H,  CO/^EP^All^HX  PA3JIHHHLIE  THnW 

PETPAHCJIHTOPOB 

r.H.TyaoB 

UHHHMam 

141070,  r.KopojieB,  MocKOBCKaa  o6jiacTB, 
yji.  riHOHepcKaH,  ^.4;  xeji.  (095)  513-44-42. 

OaKc:  (095)  251-1 4-96 

BBe^eHue.  HaqajibHbiH  axan  pasBHraa  HM3KOop6HTajibHbix  CHcxeivi  nepcoHajib- 
Hoii  cnyxHHKOBOH  CBa3M  (HCnCC)  saBepmaexca  pasBepxbmaHHeM  AByx  nepBbix  ch- 
cxeM  -  “Iridium”  h  “Globalstar” .  3xo  co6bixHe  3acxaBJiaex  nepeocMbicjiHXb  nepcneK- 
I  xHBbi  co3;^aHHa  HOBbix  cHcxeM  noflobHoro  KJiacca.  npejrcxaBJiaexca,  uxo  KOHKypeH  - 
Tocnocobnocxb  HCnCC,  cosAaBaeMbix  b  no3AHHe  cpOKH,  Moacex  6bixb  ;i;ocxHrHyxa 
xojibKO  3a  cuex  6ojiee  bbicokhx  noxfieGHxejibCKUx  KauecxB  h  bbicokoh  peuxadenb- 
HOcxH,  Hxo  6y^ex  ;i;ocxHrHyxo  b  pe3yjibxaxe  Bue^eHua  opHXHHajibHbix  xexHOJioxHH  h 
HOBbix  HayuHO-xexHHuecKHX  h  npHHi^HHOB  (HOY-XAy).  FIoHMMaa  axo,  Mbi  sa 
nocjiejiijiHe  ro^tbi  nojiyBiHini  nexbipe  Pocchhckhx  naxeHxa,  EBponaxenx  h  naxenx 
CIIIA,  Koxopbie  SbiJiH  y;;ocxoeHbi  Asyx  Sojioxbix  Me^aiiefi  Ha  EproccejibCKoii  Bbicxas- 
Ke  jiyHuiHX  H3o6pexeHHH  MHpa. 

Idenbio  ji:oKi[afl:a  Gy^ex  conocxaBneHHe  no  noMexoycxoiiHHBOCXH  m  hooGxoah- 
MOMy  ypoBHio  MomHocTH  nepe;j;axHHKa  aGoHonxcKoro  xepMHHajia  (AT),  onpe;i;ejiaio- 
mero  SKOJiOFHHecKyio  6e3onacHocxb  aGoHenxoB.^ipyx  BapnaHXOB  HCHCC,  Hcnojib- 
3yiomHX  pasHbie  XHnbi  pexpaHCJiaxopOB  (PTP): 

•  npospaHHbiii  PTP  (npoxoixin  CHCxeMbi  “Globalstar”) ; 

•  PTP  c  CHHxpOHHOH  o6pa6oxKOH  Ha  Gopxy  cHrnajioB  ox  Bcex  AT  (npoxoxnn 
CHCxeMbi,  peajiH30BaHH0H  no  naxcHxaM). 

B  3XHX  BapHaHxax  HCHCC  Hcnonb3yexca  ko^oboc  yiuioxHeHne,  nxo  oGecneuH- 
Baex  ajtaKBaxHocxb  cpaBHeHHa.  OcxanoBHMca  Ha  HanGonee  34)4)eKXHBHbix  BH;i;ax  no- 
Mex.  ,I],iia  HCHCC  c  np03paHHbiM  pexpancjiaxopoM  na  HHxepMOjiyjiaitHOHHbix  (HM) 
noMexax,  BOSHmcaiomHX  na  HejiHHeiiHOCxax  pexpancjiaxopa,  a  fljia  HCHCC  c  o6pa- 


6otkoh  CHTHajiOB  Ha  6opTy  -  Ha  myMOBtix  noMexax,  yHHXbiBaa  JiMHCMHOCTb  ipaKxa 
o6pa6oiKH  CHFHajioB  B  ;ijiana30He  (40-T-60) 

PesyjibTaTbi  anajiHsa.  ^jdi  chctcm  c  np03pa«iHbiM  PTP  3anHmeM  npoutecc  na 
Bxo^e  PTP  (pMc.l) 

S(t)  =  S,(t)  +  Sj(t)  +  S„(t)  +  ni(t),  Cl) 

Tjifi:  Sk(t)  -  HOJieiHbiH  CHraan  k  -  ro  a6oHeHTa; 

Sj(t)  -  aKTHBHaa  noMexa; 

N 

Sn(0“  ZSi(t)  -  BCe  CHEHaJILI  a60HeHT0B  CBa3H,  KpOMC  k-Fo; 

j=l  , 

1  k 

n  j  (t)  -  (J)iiK)KTyanHOHHbiH  myM. 

B  pe3yjibTaTe  cjioacHbix  npeo6pa30BaHHH  sanHuicM  OKOHnaxenbHoe  BbipaacenHc 
Ana  BepoaxHocxH  oiuHdKH  na  oahh  6hx  HH(|)opMai^HH  (BOB)  [1] 


1 

p==-j<i> 

71  0 

XAe:  Es  -  anepxHa  na  6hx;  Ip  =  A .  /  -  oxHomenHC  aMHJiHxyA  naHSojiee 

cHJibHOH  HM  cocxaBJiaiomeH  h  k-ro  cHXHana  na  Bbixoae  PTP,  Vg-  SKBHBajieHXHbm 
myM; 

a  =  sinflTJ  QT^;  O  =  Oj  -  Ok ;  Tc  -  AAtHxejibHocxb  CHMBOJia  HH(|)opMaij[MH,  Oj ,  Ok  - 
nacxoxbi  homcxh  h  k-ro  CHrnajia. 


1/2 


[l  -  Ip  X  acosy  ]  jdy 


(2) 


<I)(x)  =  [l/(2p)”]Jexp[-y^/2]dy 

-CO 

Ha  pHc.2  HocipoeHbi  saBHCHMOcxH  Pe  =  f  (Aj  /  Ak  y  jma  necKonbKHx  BHaneHHH 
q  =  E5/Ve, 

H3  paccMoxpeHHH  Koxopbix  cjieAycx,  hxo  npH  Ip  >  (0, 2^0,5)  KanecxBO  BbiAejiCHHa 

HH4)opMa4HH  pesKO  yxyAiuaexca,  He3aBHCHMO  ox  HHCJia  ajieMCHXOB  koaoboh  nocjie- 
AOBaxeiEbHocxH  (hjih  6a3bi  B=2FT  CHrnajia). 

Yace  npH  (Pj  /  Pk  )  >  9  aB  .  BOB  naAaex  ao  Pe  >(10-2-^10  hxo  cehac- 
xejibcxByex  o  npaKXHnecKH  hojihom  noAasjieHHM  HH(|)opMaqHOHHoro  Kanajia, 


O^XHaKO  B03Mo»cHO  4)opMPipoBaHHe  eiye  6ojiee  anepreTHHecKM  34)^eKTHBHbix 
npepbiBHCTbix  HM  noMex,  Koxopwe  nejiecooSpasHO  npMMeHHTb  KaK  fljw  nofl;aBJieHHfl 
oaHHOHHbix  KaHajioB,  xaK  H  Bcex  KaHajioB,  pasMemeHHbix  b  cxBOJie  PTP.  TaK,  b  ctbo- 
Jie  PTP  CHCTCMbi  “Globalstar”  Mo^ex  6bixb  pasMemeno  ox  20  57  KanajicB. 

Cpe^^HaH  BepOHXHOcxb  omH6KH  na  6hx  (CBOB)  6yAex  paBHa 


1 

1  " 

P  =  — 

1 - JF 

— ^  (1  -  I  a  cos(p)>d(p 

e  Q 

n  0 

V  V  J  ^  ^ 

rzi;e  Q  -  CKBa^HOCxb  npepbiBwcxoH  nowexH. 

OnxHMajibHoe  sHaqeHHe  cKsa^KHOCxH  noMCx  paBHO 

Q..,=  0,03(BP„/P„),  (4) 

Fjte  Pjcp  -  cpejuiHfl  MomHOCxb  noMexH. 

Ha  pHC.3  npuBeflCHbi  saBHCHMOCXH,  xapaKxepusyioinHe  noMexoycxoiiHHBocxb 
KaHajia  (KaHajiOB)  npn  npepbiBHCXbix  HM  noMexax. 

3HeprexHHecKHH  BbiHrpbiiu  npepbiBHCxoii  HM  noMexH  oxHOCnxejibHO  nenpe- 
pbiBHOxo  aHanHsa  mchbcxch  b  ;^Ma^a30He  (10-^40)  paa. 

O^maKO  npoBeAenHbiH  anamis  He  aaxpaxHBaji  bjihjshha  HM  noMex  Ha  Kanaji 
CHHxpoHHsaqHH  ,  Hxo  oGxflCHaexca  xpysHocxaMH  nonyMeHHH  aHajiMXHHecKHX  pesyjib- 
xaxoB  B  saMKHyxoH  (^opMe.  HaMH  6biim  npoBe;3;eHbi  boinjUiHe  OKcnepHMeHxajibHbie 
HCCIieZlOBaHHH,  KOXOptie  CBH;],exeJIbCXByK)X  o6  HCKmOHHXeJIbHO  CHUbHOM  BJIHHHHH 
HM  noMex  na  KaqecxBO  pa6oxbi  KananoB  CHHXpOHHsapHH,  BKjnoHaa  nojinyio  noxepio 
CHHxpoHH3au,HH,  KOF^pa  Pe »  0,5.  HooxoMy  npOBe^eHHbiH  anajiHXHHecKHH  aHajiH3  bm- 
5IBHJI  JIHIUb  HH^CHIOK)  XpaHHqy  34)(j)eKXHBHOCXH  HM  HOMCX  (hJIH  BBpXHIOIO  XpaHHMy 
noMexoycxoHHHBOCxH  nepeji;aHH). 

Ba^HOH  xapaKxepHCXHKOH  HCHCC  HBJiaexca  Heo6xo^MbiH  ypoBCHb  Mom- 
HOCXH,  H3JiyHaeMbiH  nepeji;axHHKaMHi  AT.  HpH  Majn>ix  anaHeHHHX  BOB  nponycKHaa 
CHOcobHocxb  HCnCC  c  o6pa6oxKOH  CHFHajioB  Ha  6opxy  h  c  npoapaHHbiM  PTP  by^yx 
paBHbi 


Nmax  =  B/q 

N  =  Nmax  ~  P uiK  Kc/P cn  ”  Pmp  Kc/P ck 


(5) 


r^e  Kc  K034)(J)Hi;HeHT  nepepacnpe3:ejieHHa  MomHOCXH  CHrnajia  Ha  HenHHeHHOCXH 

PTP, 

PcK  -  MOiHHOCxfa  CHXHajia  K-ro  KaHajia. 

Hs  (5)  npH  PiuK  “•  Pmp  nojiyHHM 

P  CK  —  P  lUK  /N  max  ,  PcK  —  2  PiuK  Kc/(N  max  “  N) 

B  peayjibxaxe  oxHomeHMe  MoipHocxeii  nepe;[]i,axHHKOB  AT  AByx  paccMaxpH- 
BaeMbix  CHCxeM  sanHiueM  b  BH;i;e: 


Pck/P'ck=2Kc/(1-N/N  max) 


(6) 


ripHHaB  (kbk  b  CHCxeMe  “Globalstar”)  N/N,nax=  (0, 5-^0, 6),  Kc=  2,  nojiyHHM 
Pck/P'ck  ^  (8-^12),  Hxo  CBHffexejitcxByex  o  BOSMO^HOCxax  3HaHHxenbHoro  CHHHce- 
HHfl  MomHocxH  nepeflaxHUKE  AT  b  HCFICC  c  o6pa6oxKOH  CHXHajioB  Ha  6opxy  PTP. 

BaKJuoHeHHC.  TaKHM  obpasoM  noKasano,  hxo  pa6oxa  KanajicB  CHcxeMbi  cbh3h  c 
npo3paHHbiM  pexpaHCJiaxopOM  mojkox  6bixb  Hapyuiena  npe;i;HaMepeHHbiMH  HHxepMO- 
ji;yiiapMOHHbiMH  noMexaMH,  ypOBenb  Koxopbix  coH3MepHM  c  MomnocxbK)  nonesHbix 
CHFHaiiOB.  TaKHe  homcxh  KOMMepnecKHX  chcxcm  nepcoHanbHoii  cBa3H  npe^cxaB- 
jMiox  bojibuiyio  onacHOCxb  h  CKa^yxca  na  hx  yHHBepcajibHOcxH.  SnaHHMOCxb  xaKHx 
noMex  oSbacHaexca  xcm,  hxo  b  pyKax  y  nacejieHHH  by^ex  naxo^ijixbCH  orpoMHoe  hmc- 
no  aSoHCHXCKHX  xepMHHanoB  (AT),  paGoxaiomHX  c  ManoMomnuMH  nepe;i;axHHKaMM 
Ha  cjia6o  nanpaBJieHHbie  anxenHw.  He  HCKJHOHeHO,  hxo  ^epe;^axHHKH  xaKHX  noMex 
Moryx  cxpoHXbca  c  HcnoiibSOBaHHeM  AT  hjih  hx  npocxeHiUHx  MOAH4)HKaHHH(HMeex 
Mecxo  ananoxHa:  lUHpoKO  pacnpocxpaHCHHoe  JiHHHoe  opy^HC  npHMeHaexca  ne  xonb- 
KO  jijm  3aiHHXbi  HejiOBeKa,  ho  h  b  KpHMHHajn>Hbix  pejiax).  FIoaxoMy  chcxcm  nep- 
coHajibHOH  cbhxh  npobjiCMa  noMexoycxoHHHBOCxH  npeoSpexaex  ocobyio  3HaHH- 
MOCXb. 

xaKHX  CHCxeM  aKxyanbHbi  34)(j)eKXHBHbie  pemeHiaa,  nanpaBJieHHbie  na  o6ec- 
neneHMe  rapaHXHpOBaHHOH  (na  ocHOBe  xpeboBannH  noxpebHxejieii)  noMexoycxoHHH- 


BOCTH  OTHOCHxenbHo  KaHajitHbix  H  npe^aMcpeHHbix  noMex.  Kap^HHajibHoe  peuie- 
HHe  3TOH  npo6jieMbI  B03M0^H0  TOJIbKO  npH  KOMnUCKCHOil  OnTHMH3a4HH  Bcero  xpaK- 
xa  nepe;i;aHH  HH4)opMapHH  npH  oco6om  BHHMaHHH  k  pexpaHcnaxopy.  3xo  oSxacHaex- 
ca  xeM,  Hxo,  BO-nepBbix,  mmchho  na  pexpancjiaxope  cyMMHpyioxca  Bce  CHFHanbi  ch- 
cxeMbi  CBa3H;  a,  Bo-Bxopbix,  cjio)khocxi.K)  ocymecxBneHHa  onxHMajibHOM  o6pa6oxKH 
orpoMHbix  noxoKOB  CHraaJiOB  Ha  cnyxHUKax. 

TeM  He  Menee  naM  y3;ajiocb  HawxH  opHXHHanbHbie  xexHOJioFHHecKHe  peuicHHa, 
o6ecneHHBaH)iHHe  onxHMajibHyio  o6pa6oxKy  6oi[bmoFO  HHCJia  CHFHanoB  c  KO^OBbiM 
ynJioxHeHHeM  6e3  cymecxBeHHoro  ycjioJKHCHHa  pexpaHCJiaxopa,  npHopHxex  Koxopbix 
3aKpenjieH  naxcHxaMH. 

Chcxcmbi  nepcoHaubHOH  cnyxHHKOBOH  CBa3H  c  o6pa6oxKOH  cHFHaaoB  na  6opxy 
pexpaHCJiaxopa  o6ecneHHBaiox  npe;i;ejibHbiH  ypOBenb  noMexoycxoHHHBOCXH,  6jih3- 
KHH  K  6a3e  B=2FT  HcnojibsyeMbix  CHFHajioB. 

06pa6oxKa  CHxnajiOB  na  6opxy  pexpaHCJiaxopa  no  cpaBHCHHio  c  HcnojibsoBaHH- 
CM  npoapaHHOFO  pexpaHCJiaxopa  oSecneHHBaex  xaxace  yMCHbincHHe  moiphocxh  nepe- 
AaxHHKa  a6oHeHxcKOFO  xepMHHajia  (  a,  cjie;[i;oBaxejibHO,  noBbimeHHe  OKOJioxHHecKOH 
sainnineHHOCXH  a6oHeHxoB)  b  (8-^13)  pas. 

JlHxepaxvpa: 

1.  A^ipecHbie  CHCxeMbi  ynpaimenHa  h  cbbih.  Bonpocbi  onxHMHiapHH  / 
r.H.TyioB,  lO.O.ypa^HHKOB,  B.H.FIpbixKOB  h  no;i;  pe^.  r.H.TyaoBa.  -  M.:  Pa- 
;XHO  H  CBa3b,  1993.  -  384. 
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Introduction.  The  initial  stage  of  developing  low-orbit  personal  satellite 
communication  systems  (LOPSCS)  is  being  completed  by  deployment  of  the  two 
first  systems  Iridium  and  Globalstar.  This  event  forces  us  to  reconsider  prospects 
of  creating  new  systems  of  a  similar  class.  The  late  LOPSCS  projects’ 
competitiveness  seems  to  be  achieved  at  the  expense  of  better  consumer  qualities 
and  profitability  based  on  novel  technological  and  scientific/technical  principles 
(«know  how»).  The  undertaken  studies  justified  such  novel  solutions.  They  were 
described  and  validated  in  four  Russian  patents,  European  and  U.S.  patents.  The 
Brussels-Eurica-96  International  Best  Inventions  Salon  awarded  those  patents 
with  two  Gold  Medals. 

The  purpose  of  the  report  is  to  provide  an  comparison  of  two  versions  of 
LOPSCS  design  using  different  types  of  transponders: 

•  a  transparent  transponder  (prototype  of  GLOBALSTAR  system) 

•  an  onboard  signal  processing  transponder  providing  an  siiichronous 
processing  of  signals  from  all  user  terminals  (prototype  of  the  communication 
system  based  on  the  above  patents). 

Code  division  is  used  in  each  of  these  versions  ensuring  an  adequate 
comparison.  The  most  effective  types  of  interferences  will  be  considered  such  as 
intermodulation  interferences  in  a  transparent  transponder  due  to  its  nonlinear 
amplitude-amplitude  and  phase-amplitude  characteristics  and  noise  interferences 
in  a  signal  processing  onboard  transponder  taking  into  account  that  signal 
passage  channels  may  be  linear  within  a  range  of  40  to  60  dB. 

The  results  of  the  analysis. 

For  the  onboard  signal  processing  communication  system  let  us  write  down 
the  input  effect  in  the  form  of  (Fig.  1): 

S(t)  =  S,(t)  +  Sj(t)+S„(t)  +  ni(t),  (1) 

where:  Sk  (t)  -  a  desired  signal  from  k-user;  Sj  (t)  -  an  active  interference; 

N 

Sn(t)  ~  SSi(t)  -  signals  from  other  users  of  the  communication  system 

k 

excluding  k-user;  n ;  (t)  -  fluctuation  noise. 


Transponder  — k  k- receiver 


Having  the  results  of  a  number  of  complex  transformations  let  us 
ultimately  write  an  expression  for  an  error  probability  per  one  bit  of  information 
(EPB)  [1]: 

lx  I  (^2E 

^  [l-InacosylUy  ,  (2) 

0  \V^J 

where:  Eg  =  -  energy  per  a  digital  symbol  (or  a  bit)  of  information; 

~  ratio  of  amplitudes,  the  most  powerful 
intermodulation  interference  and  k-signal;  Vg-  equivalent  noise; 
a=sinQTp/OT^; 

Q  =  Qj  -  Ok;  T^.  -  transmission  time  of  one  information  symbol,  Qk 
-  interference  and  k-signal  frequencies; 

O  (x)  =  [l  /  (2n)  I J  exp[--y  ^  /  2]dy . 

^  -*—00 

Fig.  2  shows  plotting  of  the  dependencies  =f  [A|  /A^j^]  using  (2)  for 
several  fixed  values  of  q  =  Eg  /v  . 

Having  reviewed  the  graphs  of  Fig.  2  one  can  make  a  conclusion  that  at 
Ij,  >  0,2  -  0,5  the  receiver  operation  quality  sharply  worsens  independently  on  a 
number  of  elements  of  a  code  sequence  (or  the  signal  base  B=2FT).  Even  if  the 
interference  negligently  surpasses  the  signal  (Pj/P^j^)>9  dB  the  error 

probability  per  one  information  bit  (EPB)  in  the  channel  drops  to  the  level  of 
Pg  s:  (10^- 10'*)  testifying  that  the  channel  is  practically  completely  suppressed. 

However,  moie  effective  discontinuous  intermodulation  interferences  may 
he  formed  which  are  particularly  useful  for  suppressing  both  separate  channels  and 
simultaneously  all  of  channels  in  a  transponder.  Thus,  the  Globalstar  system’s 
transponder  can  cany  20  to  57  channels. 

Mean  error  probability  per  bit  (MEPB)  for  such  an  interference  will  be 
written  in  the  form  of: 

where  Q  —  on-off  time  ratio  of  a  discontinuous  interference. 

Optimal  interference  on-off  time  ratio  value  is  equal  to.- 
Q.„,  =  0,03(BP  /P^J, 


(4) 


where:  P^.  ,  Pjcp  -  a  signal  power  and  a  mean  interference  power. 

Fig.  3  depicts  dependences  of  MEPB  that  define  the  channel  interference 
immunity  under  discontinuous  intermodulation  interference  effect. 

The  power  gain  due  to  the  discontinuous  intermodulation  interference 
effect  varies  from  10  to  40  times  as  compared  with  its  continuous  analog.  It 
proves  the  high  efficiency  of  discontinuous  intermodulation  interferences. 

It  should  be  notedthat  the  interference  immunity  analysis  made  above  does 
not  concern  the  assessments  of  intermodulation  interference  effects  on 
synchronization  channels.  It  is  explained  to  a  certain  degree  by  difficulties  of 
analytical  closed  form  results  acquisition.  However,  the  experimental 
investigations  made  by  us  testify  to  an  exceptionally  powerful  influence  of 
intermodulation  interferences  on  the  synchronization  channel  operation  quality 
even  to  complete  failure  of  synchronization  when  P^^,  =  1/2.  Therefore  the  made 

analytical  analysis  of  intermodulation  interference  effects  on  information 
channels  revealed  exactly  only  the  lower  boundary  of  such  interference  efficiency 
(or  the  upper  boundary  of  a  channel  immunity). 

A  required  power  level  radiated  by  user  stations  transmitters  is  an 
important  parameter  of  personal  satellite  communication  systems.  With  low 
values  of  error  probability  the  LOPSCS  system  capacity  for  an  onboard  signal 
processing  and  transparent  transponders  accordingly  will  be  equal  to; 

N  =  =B/8q  (5) 

N  =  N  =  Nmax  “  PuuK  Kc/Pcji  -  Piup  Kc/Pck 

where  -  coefficient  of  signal  power  redistribution  on  the  transponder 
nonlinearity;  P^j^  -  k-channel  signal  power. 

Out  of  (5)  and  at  P^jj^  =  P^p  we  shall  get: 

P  CK  —  PiuK  /  N  max  ,  PcK  ~  2  Piuk  Kc  /  (Nmax  “  N) 


As  a  result  the  ratio  of  user  station  transmitter  powers  of  the  two  systems 
under  consideration  will  be  presented  as: 


PcK/PcK=2Kc/(l-N/Nmax) 


(6) 


With  the  numerical  values  accepted  for  the  GLOBALSTAR  system  (Kp=2, 
W^max  “0,5-0, 7),  we  shall  get:  P^j^  /PJj^^  c:  8-12  that  demonstrates  the  possibility 
to  considerably  decrease  the  power  of  a  user  station  transmitter. 

Conclusion.  Thus,  we  have  managed  to  show  that  operation  of  transparent 
transponder-equipped  communication  system  may  be  frustrated  by  malicious 
intermodulation  interferences  of  the  power  at  the  transponder  input 
commensurate  with  the  desired  signal  power.  These  interferences  present  a 
tremendous  threat  to  commercial  personal  communication  systems  affecting  their 


universal  character.  Therefore,  interference  immunity  assurance  is  a  very  important 
problem  in  personal  communication  systems. 

The  search  for  effective  solutions  to  provide  a  guaranteed  (i.e.  met  user’s 
requirements)  immunity  value  under  channel  and  malicious  interferences  effects  is  of 
current  concern  for  such  systems.  Solving  this  problem  is  possible  only  if  complex 
optimization  of  aU  communication  channel  is  provided  and  a  special  attention  to  a 
transponder  is  paid.  It  is  explained  to  the  fact  that,  the  first,  all  signals  of 
communication  system  ai:e  summarized  just  in  transponder  and,  the  second,  to  a 
complexity  of  carrying  out  optimum  onboard  processing  of  big  signal  flows. 

However  we  have  managed  to  develop  an  original  technology  for 
synchronous  onboard  processing  of  big  signal  flows  using  code  multiplexing.  The 
proposed  solution  is  simple  and  practically  does  not  complicate  transponder 
design. 

Onboard  signal  processing  LOPSCS  provide  higher-level  interference  immunity 
close  to  the  used  signal  base  value  B=2FT. 

Signal  processing  onboard  transponder  in  comparison  with  transparent 
transponder  use  also  enables  to  reduce  a  user  station  transmitter  power  by  8-13 
times  (and  consequently  to  enhance  users'  ecological  protection). 
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Pe4)epaT 


npe^naraeTca  cosflaHHe  Manoro  KocMH^ecKoro  annapaxa  (MKA)  c  yHH(J)HiiHpoBaHHOH 
njiaT(|)opMOH,  KOTopaa  no  cbohm  xapaKTCpncTHKaM  oOecnenHBaex  pasMemenne  na  nen 
paanHHHtix  nojiesHbix  narpysoK,  npeB;Ha3HaneHHi>ix  ;],na  flncxaHpHOHHoro  30H;pipoBaHHa  SeMan 
c  BfcicoKHM  npocxpancxBeHHBiM  paspemenneM,  MonnxopHHr  oRpyacaionien  cpeati,  CBaat, 
HccaeaoBaHHe  axMOc4)epbi  h  KOCMnnecKoro  npocxpancxBa  n  x.n.  SanycK  MKA  naaHnpyexca 
npoH3BoaHX£>  c  noMOJUBK)  fleuieBOH  KOHBepcHOHHOH  paKoxti  "Cxapx-l",  oOecneHHBaiomeH 
BfciBon  na  opOnxy  Macc  ox  360Kr  (400km)  flo  1  lOxr  (1000km).  Bticoxa  h  HaKaoHenne  opGnxBi,  a 
xaK>Ke  Macca  MKA  3aBHCHx  ox  xnna  noaesnoft  narpysKH.  KoHcxpyKnHa,  cxpyKxypa  h 
napaMcxpBi  cayaceOntix  chcxcm,  a  xaiOKC  KOHcrpyKnaa  MKA  aaaaioxcH  yHHBepcaabHBiMH  h 
o6ecneHHBaiox  ncoOxoaHMyio  opneuxannK),  aHeprocnaSaccHHe,  xopMoperyanpoBaHne  h 
ynpaBaenne  MKA.  ripHBeaeHHbie  xapaKxepncxHKH  MKA  Moryx  6bixb  oOecnenenbi  npn 
Hcnoab30BaHHH  coBpeMCHHbK  KOHCxpyKnnoHHbix  MaxepnaaoB,  aacKxpoHHbix  h 
BbiHHcanxeabHbix  cpeacxB  (b  xom  nncae  h  sapyOeacHbix),  HerepMexnnHbiM  HcnoaHenneM 
annapaxypbi  n  MKA  b  peaoM. 


JIoKaaa 


1  ■  OcHOBHbie  nejiesbie  xapaKxepncxHKH  Maaoro  KOCMnnecKoro  annapaxa 

npeaaaraexcK  coBaanne  Maaoro  KOCMnnecKoro  annapaxa  (MKA)  c  yHH4)HU,HpoBaHHOH 
naax4)opMOH,  Koxopaa  no  cbohm  xapaKxepncxHKaM  oOecneaHBaex  pasMemenne  paaaHHHbix 
noae3Hbrx  narpyaoK  aaa  aHCxannHonnoro  sonanpoBaHHa  Scmbh  c  bhcokhm 
iipocxpancxBeHHbiM  pjispenieHHeM,  cBasH  h  nepenann  aannhix,  MOHHxopHnra  oKpyacaioineH 
cpeabi,  KocMHHecKHx  sKcnepHMenxoB  h  x.n. 

06n]:HH  Bee  MKA  c  noaesnoft  narpyaKofi  b  sasHCHMoexH  ox  bbicoxh  opSnxbi  (400  km- 
1000km)  h  ee  naKaonenHa  KoaeOaexca  ox  360  kf  ao  110  kf,  npn  oxom  na  noaeanyio  narpyaxy 
Bbiaeaaexca  ox  220  kf  ao  15  kf.  CncxeMa  3aeKxpocHa6>KeHHa  oGecnenHBaex  cpeaneBHXKOByio 
aaeKxpHaecKyio  Momnoexb  aaa  noaeanoH  narpyaKH  OKoao  50-100  Bx  h  nnKosyK)  ceancnyio 
(10-15  mhh)  Moni,HOCxb,  noxpeOicaeMyio  noaeanoH  narpyaKOH  na  ocBemennoH  nacxH  BHXxa  270- 
390  Bx. 

CnyxHHK  nerepMexHanpoBaH.  Ho  cbohm  raOapHxno  MaccoBbiM  xapaKxepHCXHxaM  on 
opHenxHpoBan  na  BbiBoa  pocchhckhm  nocHxeaeM  "Cxapx-l". 


C  iiejibK)  ynyHuieHHH  aKcnjiyaxauHOHHbix  xapaKxepHCXHK  MKA  h  yseJiHHeHHfl  exo 
aBxoHOMHOcxH  npeflycMoxpcHa  ycxaHOBKa  na  cnyxHHK  npnGopa  KOCMHHecKOH  HaBHraijHOHHOH 
CHCxeMBi  rJIOHACC  (Pocchs)  h  GPS  (CILIA)  h  BKJiioHeHHa  ero  b  KOHxyp  ynpaBJieHHa. 

CpoK  aKXHBHoro  cyipecxBOBaHHa  MKA  ne  Menee  3  nex. 

YnpaBJicHHe  MKA  npe^Jiaraexca  ocymecxBjiaxt  c  noMomtio  chcxcmbi,  pa6oxaK)meH  b 
AHanasone  2  rFu;.  IIpH  3xom  i],eHxp  ynpaBjiCHHa  xcenaxenBHO  coBMeutaxb  c  oahoh  h3  cxaHpHH 
npneMa  peaeBOH  HH(|)opMapHH. 


2.  XapaKxepHcxHKH  CHcxen  MKA. 


2.1 .  CHCXCMa  opneHxapHH. 

CHCxeivra  opHeuxapHH  o6ecnePHBaex  noAAep>KaHHe  nojioxteHHa  MKA  b  npocxpancxEe  h 


nporpaMMHbie  noBopoxbi  co  cjieAyioniHMH  xapaKxepncxHKaMH: 
Pex<HM  opHeHxapHH  "SeMJiH-CojiHHe"  (3C): 

-  XOHHOCXb  OpHeHXaHHH; 

a)  HO  Kpeny  h  xanraxcy 

8-12  yrji.  mhh. 

b)  HO  pbICKaHHIO 

60  yrji.  MHH. 

cxaBHJibHocxb  opHeHxaHHH 

0,0001  yrji.rpaH./ccK 

-  npoAOJDKHxeitbHocxb  pexcHMa 

HeorpaHHHeHHO 

PeH<HM  opHeHxapHH  ''3eMJia-BeKxop  cKopocxH"  (3K): 

XOHHOCXb  OpHCHXaHHH  HO  BCCM  OCflM 

6  yrn.MHH. 

CXabHJIbHOCXb  OpHCHXaHHH 

0,0001  yrji.rpafl./ceK 

nporpaMMHbie  noBopoxbi  no  h  nonepex  nojiexa 

30  yrji.rpaA. 

npoHOJixcHxejibHOCxb  peacHMa  b  xencHHe  bhxkh 

AO  1 5  MHH. 

2.2.  CncxcMa  3jieKxpocHa6aceHHfl. 

CHCxcMa  ojieKxponnxaHHa  MKA  hmccx  cjienyioiHHe  xexHHHecKHe  xapaKxepncxHKH 

cpeAHCBHXKOBaa  moihhocxb 

100  Bx 

-  MoiHHocxb  cojiHCHHOH  GaxapcH 

360  Bx 

MaxcHMajibHaa  moihhocxb  nojiesHon  narpyaxH  b 
ceaHCHOM  peacHMe  (15mhh)  na  ocBeiHCHHoii 

HaCXH  BHXXa 

390  Bx 

HanpaaceHHc  6opxoBOH  cexn 

24-34  B 

Jijis  oGecneHeiiHfl  3(|)(|)eKXHBHoro  4)yHKu;HOHHpoBaHHa  CHCxeMbi  3JieKxponHxaHHa  MKA 
npepycMaxpHBaexca  bhc  ceancoB  cxeMa  HH4)opMapHH  opHCHxappa  HopManH  k  njiocKocxH 
cojiHePHbix  6axapeH  Ha  Cojiupe  nyxeM  noBopoxa  Bcero  MKA  (pexcHM  3C). 

2.3.  BopxoBOH  KOMnjieKC  ynpaBJicHHa  (EKV). 

BopxoBOH  KOMnneKC  ynpaBJicHixa  KA  peaJiHsyex  cpeflyMmHe  ocHOBHbie  ^JyHKpHH; 

o6pa6oxKy  HH(|)opMaHHH  ox  hexchomhoh  cHCxcMbi  HaBHrapHH,  4)opMHpoBaHHe  Ha  ee 
ocHOBe  AaHHbix  0  napaMcxpax  op6HXbi  h  xeKymnx  KOopAHHax  nojioxceHHa  KA  na 
opGnxe; 

-  o6pa6oxKy  HH(|)opMaHHH  ox  acxpocHcxeMbi  SBesAHOH  opHeHxapHH.  (I>opMHpoBaHHe 
Ha  ee  ocHOBe  AanHbrx  o  xeKyipeM  nojioxceHHH  ocefi  KA  b  op6HxaJibHOH  CHCxeMe 
KoopHHHax; 

-  nepenany  nojiyneHHbix  op6HxajibHbix  napaMexpoB  h  AaHHbix  o  noJioxceHHH  ocefi  KA 
B  BL],BM  cHcxcMbi  opneHxaHHH  AJia  HcnojibsoBaHHa  b  pa6oxe  cHCXCMbi; 


nepefla^y  nojiyneHHBix  opGHXcUibHtK  napaMerpoB  h  ^^aHHI>rx  o  nojioKCHHH  oceft  KA 
B  KOMaHji,HO-H3MepnTeiibHyio  CHCxeMy  nepeABHH  Ha  SeMJiio  c  hcjibk) 

HcnonbsoBaHHa  fljia  npHB33KH  HH(J)opMaii;HH; 

npneM  xe;ieMexpHHecKHX  cnrHanoB  ox  Bcex  6opxoBbix  chcxcm  h  3JieMeHXOB 
KOHCXpyKUHH  H  (|)OpMHpOBaHHe  KaK  OnOpaXHBHOH  OOOSmOHHOH  HH^JOpMaHHH  (OOH) 
o  pa6oxociioco6HOcxH  lOV  b  hojigm,  xax  h  ^exanbHoii  HH^opMaii,HH  (flH)  o 
COCXOaHHH  CHCXCM  H  KOHCXpyKHHH  KA; 

-  nepeflany  o6o6ineHHbix  h  jtexajibHbix  ^aHHbix  b  KOMaHflHO-HXMcpHxenbHyio  cHcxcMy 
jXJiii  nocjie;xyioiHero  “c6poca”  na  Scmjik)  b  KOHxpoJibiibix  ceaHcax,  npH  3xom  ccjih 
OOH  cooxBCXcxByex  HOpMC,  xo  JlH  hc  nepcAaexca,  nepcAana  ^H  ocymecxBnaexca 
npH  oxKaaax  GopxoBoft  annapaxypbi  hjih  ho  sanpocy  HaacMHoro  KOMnnexca 
ynpaBHCHHa  (HKY); 

npHCM  ox  KOMaHAHO-HSMCpHXeabHOH  CHCXCMbl  KOMaHAHO-npOXpaMMHOH 

HH^opMaHHH  ox  HKY  H  peajiH3aiJiHa  na  6opxy  hcoGxoahmbix  Mcp  no 
4)yHKHHOHajXbHOMy  H  BpcMCHHOMy  ynpaBBCHHio  peacHMaMH  h  cHcxcMaMH  KA; 
(|)OpMHpOBaHHe  6opTOBOjH  UIKajlbl  BpCMCHH; 
ynpaBACHHC  BblHHCJlHXCAbHOH  CCXblO  KA; 

AHaxHOCXHKy  cocxoaHHa  6of)xoBbix  chcxcm  npn  oxxaaax  h  c6oax  b  mxaxHbix  h 
nepcxoAHbix  poKHMax  pa6oxbi  KA,  cJ)opMHpoBaHHe  h  aBXOMaxHHCcKyio  pcajiHaapHio 

HCOGxOAHMblX  MCp  HO  BOCCXaHOBJlCHHK)  pa60X0Cn0C06H0CXH  CJiy>Ke6HbIX  CHCXCM 

KA; 

caMOKOHxpoBb  H  pcajiHBaHHK)  iicoSxoAHMbix  ncpcKnroMCHHH  npH  c6oax  H  oxKaxax 
oxACJibHbix  ancMCHXoB  caMoro  BKY,  npncM  h  pcajinaapna  KoppcKxnpoBOK 
nporpaMMHoro  o6ccncHCHHa  BbiHHcaHXCJibHOH  ccxh  KA; 

AByxcxopoHHaa  HH(J)opMari,HOHHaa  CBaxb  c  aBXOMaxH3HpoBaHHbiMH  HcnbixaxcjibHO- 
BblHHCJlHXCBbHblMH  CHCXCMaMH  HpH  HaSCMHblX  aBXOHOMHbIX  H  KOMHnCKCHblX 
HCHbixaHHax  KA. 

CxpyKxypa  6opxoBoro  KOMHJicKca  ynpaBJicnna  6a3Hpyexca  na  HcnonbxoBaHHH 
BbiHHCBHXCBbHOH  CCXH  KA,  B  Koxopyio  Bxoflax  B  KaHCCXBC  BCAymero  a6oHCHxa  6opXOBOH 
MHoroHcacBOH  KOMHbKDxep  (BMK)  KA,  b  khhccxbc  bcaombix  nepH(|)cpHHHbie  aAanxepbi  (HA)  h 
cooxBcxcxByioEBHc  HHxepcjieHCbi.  B  cjiynae  Heo6xoAHMOCXH  4>yHKLi;HH  BCAymero  aGoHCHxa 
Moryx  ncpcAaBaxbca  (hbcxhhho)  xaK>KC  SopxoBOH  hhc^Poboh  BbiHHCJiHxeabHOH  MamHHC 


CHCXCMbl  OpHCHXaHHH. 

BbiHHCJiHxeabHaa  cexb  KA  npcAcxaBJiaex  co6oh  pacnpcAeJicHHyio  oxKpbixyio 
MHoroaGoHCHXHyio  OAHonoAHHHCHHyio  cexb,  nocxpocHnyio  Ha  ochobc  npoxoxojia  h 
annapaxHbix  cpcACXB  HHxep^JCHca  RS-485.  (Maabic  ra6apHXbi  KA  h  aHCproBHMHXbi  Aeaaiox 
HCHcaecoo6pa3HbiM  nocxpoeiiHC  ccxh  na  MIL-STD-1553B). 

BbiHHcnHxcabHaa  cexb  KA  hmccx  cjicAyiomnc  xapaKxcpncxHKH; 


KOJIHHCCXBO  a6oHCHXOB  CCXH  4,0  32 

cKopocxb  oSMCHa  HH(|)opMaHHH  2,5  M6hx/cck 

HajiHHHC  xajibBaHHHCCKOH  pasBasKH  a6oHCHXOB:  HMcexca 

HanpaxccHHC  pa3Ba3KH  2,5  kB 

BCAymHH  aGoHCHX  CCXH  6opTOBOH  MHOXOHCJICBOH  KOMHblOXep  (BMK)  KA,  HpaKXHHCCKH 
peajXH3ycx  yKaxaHHbic  Bbiuie  {|)yHKHHH  BKA.  HpH  HaacMHbix  Hcnbixannax  aBXOMaxH3HpOBaHHaa 
HcnbixaxcjibHaa  cHcxcMa  (AHC)  cxanoBHXca  BCAymHM  a6oHeHXOM  BBiHHCJiHxeabHOH  ccxh  KA,  a 


BMK  -  BCAOMbiM,  (xaKHM  o6pa30M  coKpamaexca  kohhhccxbo  annapaxHbix  h  nporpaMMUbix 

cpcAcxB,  ynpouxaexcH  npoHCAypa  HcnbixaHHH). 

BcflOMbie  aGoHCHXbi  ccxh  -  ncpH4)epHHHbie  aAanxepu  (HA)  aBaaioxca  ynHBcpcajibHbiM 
CpCACXBOM  COXJiaCOBaHHa  MCXCAy  paaJlHHHblMH  npH6opaMH,  HC  HMCK)II1;HMH  BblHHCBHXCJIbHblX 
CpCACXB,  H  BblHHCJIHXCJIbHOH  CCXbK)  KA.  HA  HMCCX  HapaJlJICJIbHblH  H  HOCACAOBaXCJIbHblH 
Kanajibi  oGmchh  HH(i)opMaHHH.  riapajiJicnbHbiH  Kanaji  -  npeAHaanaHCH  oSMcna 

HH(j)0pMaHHeH  B  napaJlJTCAbHOM  KOAC  C  ApyrHMH  yCXpOHCXBaMH  (a6oHCHXaMH).  Oahh 


nocjieijOBaTejibHMH  Kanaji  noAAep>i®BaeT  HHTepc^eHC  RS-485  (cexb).  ^yrofi 
nocneflOBaxenbHHH  Kanaji  noAaep>KHBaex  HHxep4)eHc  RS-232,  KOXopbiH  nosBOJiaex  b  Kanecxae 
oxnaflOHHbix  cpejjcxB  HcnoJibsoBaxb  nepcoHajibHbie  3BM  IBM  PC. 

2.4.  KoMaH/iHO-H3MepHxenbHaa  cHCxena 

KoMaHflHO-H3MepHxejibHa.a  cHCxeMa  o6ecneHHBaex  nepe^a^y  Ha  6opx  KOMaHAHO- 
nporpaMMHOH  HH(J)opMaiiHH,  H3MepeHHe  napaMexpoB  abhacchpia  MKA,  nepcAany  c  6opxa  na 
3eMAPO  KBHXaHipHH  HCHOAHeHM  KOMBHA  H  xeAeMexpHHeCKOH  HH4)OpMaHHH. 

KoMaHAHO-HSMepiPxejibHaa  cHCxeMa  HMeex  CAeAyponpne  xapaKxepHcxHKH: 

-  AHanaaoH  nacxox  2rri]: 

-  MomHocxb  nepcAaxAHKa  4  Bx 

HH(^opMaxHBH0cxb  128  K6hx/c 

2.5.  AHxeHHO-tjpHAepHbie  ycxpoHcxsa. 

AHxeHHO-(|)HAepHbie  ycxpoftcxBa  (AOY)  BKAPonaiox  b  ce6a  CAeAypomne  ycxpoficxBa: 

AOy  noAexHOH  HarpyxKH  (aaa  annapaxypbi  ^33  npeAAaraexca  nepeAaionpee 
A^>y  AiianaaoHa  8  rFi];.) 

uiHpoKOHanpaBAeHHoe  npHCMO-nepcAaiomee  AOY  KOMaHAHO-H3MepHxeAbHOH 

cHcxcMbi  AHanaaoHa  2  rPip. 

aHXCHHbi  npHCMKHKOB  FJTOHACC-GPS. 

2.6.  nojiesHaa  narpyaxa  MKA. 


MKA  o6AaAaex  MHoroipeAeBOH  nJiax(|)opMOH,  nosBOAaioiAeH  ycxanaBAPiBaxb  noAesnyio 
HarpysKy  abs  pemeHHK  aaAan  cba3h,  HaBHxaipHH,  npoBCAeKHa  nayHHbix  SKcnepHMeHXOB  h  x.  n. 

jllajiee  paccMaxpHBaexca  Bapnanx  noAesHoii  narpysKH  aha  AHcxaHipHOHHoro 
30HAHp0BaHHfl  B  HCAflX  HCCJPeAOBaHH.a  npHpOAHbIX  peCypCOB  3eMAH,  COCXOaiAHH  H3 
paAHOKOMnaeKca  h  xeaeBHSHOHHoro  KOMiiAeKca.  Heo6xoAHMO  oxMexHXb,  hxo  AaHHbiH  Bapnapix 
iioaeaHOH  narpysKH  Moacex  aBaaxbca  6a30BbiM  ajpb  coaAaHHa  MKA  AJia  AHCxaHipHOHHoro 
aoHAHpoBaHHa  3eMAH  b  ApyrHX  cneKxpaAbHbix  AHanaaonax  h  c  HHbiM  npocxpaHcxseHHbiM 
paapemcHHeM. 

riepeAaxHHK  AHanaaoHa  8  FFp  MonpHocxbio  6  Bx  BbinoAHen  Ha  xpanancxopax  h 
o6ecneHHBaex  nepeAaqy  hoxokob  AaHHbix  64  M6hx/c. 

B  cocxaB  xeneBHaHOHHoro  KOMPiaeKca  MKA  BxoAax  yaKoyroAbHaa  xeAeBHaHOHHaa 
KaMepa  YTBK,  mHpoKoyroAbHaa  xeAeBHaHOHHaa  xaMepa  ULITBK  h  aACKxpoHHKa  ynpasACHHa  h 
oKaxHa  AaHHbix.  Ochobkhc  xapaKxepncxHKH  xB-KaMep  UITBK  h  YTBK: 


L 

PaapeuicHHe  na  mccxhocxh  (m) 

10 

2 

2. 

OopMax  HaoOpaaceHHa  (hhkc) 

6032 

6032 

3. 

3axBax  na  mccxhocxh  (km) 

60 

12 

4. 

CncKxpaAbHbiH  AHanaaoH  (mkm) 

0, 5-1,0 

0,5-0,7 

5. 

^HCAO  cncKxpaAbHbrx  KananoB 

3 

1 

6. 

noxpeOAHCMaa  moiahocxh  (ceanc) 

50 

75 

ripHMeHaHHe:  xapaKxepHcxHKH  npHEeACHbi  aah  Bbicoxbi  650  km. 

3.  BecoBOH  H  aHeprexHHecKHH  6aAaHC  MKA. 

Macco-ra6apHXHbie  xapaKxepHCXHKH  h  mouihocxh  ycxpottcxB,  BXOAaiAHX  b  cocxaB  MKA 
/I33,  AAa  COAHCHHO-CHHXpOHHOH  Op6HXbI  BbICOXOH  650  KM  npHSeACHbl  HHACe. 


CHcxeMa  MKA 

Macca  kx 

IloxpeGjieHHe 

KoHCXpyKHHH  H  CTP 

65 

_ 

Chcxcmh  opHeHxapHH 

27,5 

46 

CncxcMa  aaeKxpocHaOxceHHH 

27 

3 

BopxoBOH  KOMHjieKC  ynpaBjieHHH 

6 

7 

AHxeHHO-(J)H;^epHBIe  ycxpoHCXBa 

10 

KoMaHHHO-HBMepHxejifcHaH  cHcxeMa 

5,5 

45 

PaHHOKOMHHeKC 

22 

100 

TeJieBH3HOHHblH  KOMHJieKC 

58 

140 

KoHcxpyKXHBHbiH  pesepB 

19 

HTOrO  240 

06in;HH  BH/i;  MKA  npHseflen  Ha  pnc.  1 
CxpyKxypHaH  cxena  MKA  npHBeHeHa  Ha  pHC.2 
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Abstract 


It  is  suggested  to  create  a  small  satellite  (SS)  with  universal  bus  able  to  carry  different 
payloads  for  Eath  Remote  Sensing  (ERS)  with  high  resolution,  communication  and  data 
transmission,  space  experiments,  research  of  atmosphere  and  space,  etc. 

The  start-up  SS  is  planned  to  launch  with  the  help  of  a  conversion  rocket  "Start  -1"  ensuring 
orbital  insertion  of  weights  from  1 10  kg  (1000  km)  up  to  360  kg  (400  km).  Altitude  and  orbit 
inclination,  and  also  weight  SS  depends  on  a  type  of  a  payload.  A  design,  structure  and  the 
parameters  of  service  systems,  and  also  design  SS  are  universal  and  provide  necessary  orientation, 
power  supply,  thermal  control  and  control  SS.  This  characteristics  SS  can  be  supplied  at  use  of 
modern  constructional  materials,  electron  and  computing  means  (including  foreign).  The  satelllite 
is  not  vacuum-tight. 


Report 


1 .  Main  characteristics  of  a  Small  Satellite 

It  is  suggested  to  create  a  small  satellite  (SS)  with  universal  bus  able  to  carry  different 
payloads  for  Earth  Remote  Sensing  (ERS)  with  high  resolution,  communication  and  data 
transmission,  space  experiments,  research  of  atmosphere  and  space,  etc. 

The  total  mass  SS  with  a  payload  depending  on  an  orbital  altitude  (400  km  -1000  km)  and  its 
inclination  changes  from  360  kg  up  to  110  kg,  the  mass  of  the  payload  is  allocated  from  220  kg  up 
to  15  kg.  The  system  of  power  supply  provides  on  the  average  power  for  a  payload  about  50-100 
W  and  peak  (10-15  min)  power  270-390  W. 

The  satellite  is  not  vacuum-tight. 

The  mass  and  a  size  of  the  satellite  are  matched  so  as  to  launch  it  with  the  Russian  space 
launcher  "Start-I". 

In  order  to  improve  performances  of  the  satellite  and  make  its  operation  more  autonomous, 
it  is  foreseen  to  equip  the  satellite  with  a  satellite  navigation  receiver  (SNR)  of  the  GLONASS 
(Russia)  and  GPS  (USA)  systems  signals. 

The  lifetime  planned  for  the  satellite  is  not  shorter  than  3  years. 


It  is  suggested  to  control  the  satellite  flight  with  help  of  Telemetry  Tracking  and  Control 
(TT&C)  subsystem,  operating  in  the  band  of  2  GHz.  A  mission  control  center  can  be  combined 
with  the  receiving  station  of  the  information. 


2.  Characteristic  of  systems  Small  Satellite 


2.1.  Attitude  control  system. 


Satellite  attitude  control  on  orbit  and  after  satellite's  rotations  will  be  performed  with  the 
following  characteristics: 

Attitude  Control  Mode  "Earth-Sun"  (ES): 

-  accuracy  of  attitude  determination 

roll  and  pitch.  8-12  ar .min 

yaw  60  ar.min. 

-  attitude  maintenance  accuracy  0.0001  grad/s 

-.duration  of  the  ES  mode  unlimited 

Attitude  Control  Mode  "Earth-Velocity  Vector"  (EC): 

-  accuracy  of  attitude  determination 


along  3  axes 

-  attitude  maintenance  accuracy 

-  accuracy  of  programmed  rotations 

along-track 
cross  -track 

-.duration  of  the  ES  mode 


6  ar.min 
0.0001  grad/s 

±30  grad 
±30  grad 
15  min 


2.2.  Power  Supply  System.. 

The  power  supply  system  of  the  small  satellite  has  the  following  characteristics: 


-  average  (for  1  turn)  power  consumption  of  the  satellite  100  W 

-  solar  panel  power  360  W 

-  maximal  payload  power  consumption  during  the  session  in 
the  lightened  part  of  the  turn  (10-  15  min,  not  more  than 

3  times  per  24  hours)  390  W 

-  on-board  voltage  24-34  V 


In  order  to  provide  effective  power  supply  to  the  satellite  subsystems,  the  satellite  solar 
panels  will  be  placed  normally  to  the  direction  to  the  Sun  in  that  parts  of  the  orbit,  where  no 
surveying  is  carried  out. 

The  change  of  the  solar  panels  attitude  will  be  achieved  by  rotation  of  the  satellite. 


2.3.  Onboard  Control  Complex  /OCC/ 

OCC  has  the  following  functions: 

-  SNR  data  handling,  generation  on  its  basis  of  data  on  orbit  parameters  and  current 
coordinates  of  SS  attitude  in  orbit; 

-  transmission  of  the  received  orbital  parameters  to  attitude  control  system; 

-  transmission  of  the  received  orbital  parameters  and  data  on  SS  axes  attitude  to  the  radio 
complex  and  transmission  to  the  Earth  to  be  used  for  geographical  reference  of  information; 


-  TM  signals  reception  from  all  onboard  systems  and  structural  components  both  with 
prompt  generalized  data  /PGD/  on  SS  operationability  in  general  and  detailed  data  /DD/  on 
systems  and  SS  structure  status; 

-  transfer  of  generalized  and  detailed  data  into  the  radiocomplex  for  further  transmission  to 
the  Earth  in  the  reference  sessions;  if  PGD  corresponds  to  normal  data,  DD  is  not  transmitted,  DD 
is  transmitted  at  the  request  of  the  ground  control  complex  /GCC/; 

-  reception  /after  the  radiocomplex/  command  and  program  information  from  GCC  and 
functional  and  time  control  of  SS  operations  and  systems; 

-  onboard  time  scale  generation; 

-  SS  computer  network  control; 

-  onboard  systems  status  diagnostics  at  faults  and  malfunctions  in  SS  operations  nominal 
and  intermediate  conditions,  generation  jmd  automatic  realization  of  the  required  measures  for  SS 
service  systems  functioning  restoration; 

-  self-check  and  necessary  switch  at  faults  and  malfunctions  of  OCC  components, 
reception  and  performance  of  software  corrections  of  SS  computer  network; 

-  two-way  data  channel  with  automated  test-computer  systems  at  SS  ground-based 
independent  and  integrated  tests. 

OCC  is  based  on  SS  computer  network  consisting  of  onboard  multipurpose  computer 
/OMC/  as  a  leading  subscriber,  and  as  subordinate  subscribers  -  peripheral  adapters  /PA/  and 
corresponding  interfaces.  If  necessary,  the  leading  subscriber  functions  can  be  given  /partly/  to 
attitude  control  system  onboard  computer  /ACS  OC/. 

SS  computer  network  is  a  distributed  open  many-subscriber  one-subordinate  network 
based  on  the  protocol  and  RS-485  interface  hardware.  /SS  small  dimensions  and  power 
consumption  constraints  make  it  inexpedient  to  build  the  network  using  MIL-STD-1 553B./ 

SS  computer  network  has  the  following  specifications: 


-  network  subscribers  number  up  to  32 

-  data  exchange  rate  2.5  Mb/s 

-  availability  of  subscribers  galvanic  decoupling  available 

decoupling  voltage  2.5  kV 


The  network  leading  subscriber  OMC  performs  the  above  mentioned  OCC  functions. 
During  ground  tests  the  automated  testing  system  /ATS/  becomes  the  leading  subscriber  of  SS 
computer  network  and  OMC  -  the  subordinate  one  (thus,  the  number  of  software  and  hardware  is 
reduced,  the  test  procedure  is  simplified). 

The  network  subordinate  subscribers  -  PA  are  a  universal  coordinating  means  between 
different  devices  not  having  computers  and  SS  computer  network.  PA  have  a  parallel  and  serial 
data  exchange  channels.  The  parallel  channel  is  designed  for  data  exchange  in  the  parallel  code 
with  other  devices  /subscribers/.  One  serial  channel  supports  RS-485  interface  /network/.  The 
other  serial  channel  supports  RS-232  interface  which  enables  to  use  IBM  PC  as  adjustment 
facilities. 


2.4.  Telemetry,  Tracking  and  Control  Subsystem  (TT&C) 

The  TT&C  subsystem  provides  transmission  to  the  satellite  commands  and  servicing 
information,  measures  the  satellite  orbit,  receives  from  the  satellite  reports  on  fulfilled 
commands  and  telemeUy.  The  TT&C  subsystem  has  the  following  characteristics: 

-  band  -2  GHz 

-  transmitter  power  -4  W 

-  transmitter  power  128  Kbit/s 


2.5.  .  Small  Satellite  Antenna  Feeder  Devices 


Antenna-feeder  devices  (AFD)  include  the  following  items: 

-  AFD  payload; 

-  omnidirectional  TT&C  receiving/transmitting  2  GHz  antenna; 

-  GLONASS/GPS  receiver  antennas. 


2.6.  Small  Satellite  Payload 

The  satellite  has  a  multipurpose  bus  creating  possibilities  for  installing  payloads  for  tasks 
of  remote  sensing,  communication,  navigation,  scientific  experiments,  etc. 

Further,  the  payload  for  ERS  will  be  considered  including  TV  equipment  and  radio 
equipment  This  version  of  the  payload  can  become  a  base  for  developing  satellites  for  ERS  in 
other  spectral  bands  and  with  other  spatial  resolutions. 

An  8  GHz  transmitter  with  a  6  W  output  power  is  built  using  transistor  technology  and 

provide  a  bitrate  of  64  Mbit/s. 

Tlie  TV  equipment  of  the  satellite  includes  the  following  items: 

-  narrow-angle  TV-camera  (NATV) 

-  data  compression  equipment 

-  wide-angle  TV-camera  (WATV) 

Basic  performances  of  the  NATV  and  WATV  are  given  in  the  Table  1. 


Parameter 

Unit 

Table  I 
WATV 

NATV 

1 .  Ground  resolution 

m 

10 

2 

2.  Image  size 

pixel 

6032 

6032 

3 .  Swath  width 

km 

60 

12 

4.  Spectral  band 

mcm 

0.6-1.0 

0.5-0.7 

5.  Number  of  spectral  channels 

3 

1 

6.  Power  consumption  (without  TCS) 

w 

50 

60 

Notes:  Characteristics  are  given  for  satellite  altitude  of  650  km 


3.  Mass  and  Power  Balance  of  Small  Satellite 

Mass,  overall  dimensions  and  power  of  consumption  of  equipment,  being  a  part  of  small  satellite 
(SS)  bus  and  payload  are  shown  in  Table  2.  These  performance  data  correspond  to  limitations  for 
SS  launch  with  help  of  "Start- 1 "  launcher  and  SS  power  opportunities. 


Subsystem  or  Equipment  of  SS 

Mass,  kg 

Table  2 
Power,  W 

1.  Construction 

65.0 

2.  Attitude  Control  Subsystem 

27.5 

46 

3.  Power  Supply  Subsystem 

27.0 

3 

4.  OCC 

6.0 

7 

5.  Antenna-Feeder  Subsystem 

10.0 

6.  Tracking  &  Command  Subsystem 

5.5 

45 

Payload 

80.0 

240 

7.  Radio  Subsystem 

22.0 

100 

8.  TV  Subsystem 

58.0 

140 

Construction  Reserve 

19.0 

TOTAL: 

240.0 

The  general  view  SS  is  adduced  in  fig.l 
The  block  diagram  SS  is  adduced  in  fig. 2 
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Bo3momchocth  HcnojibsoBaHHH  Majibix  KOCMHHecKHX  annapaxoB  na  cpe^iHHx 
OKonoaewHbix  opGarax  jxna  cos^aHHa  chctcm  iiiHpOKonojiocHOH  cbh3h. 

(lUJIC  Ha  MKA  MEO) 

B.K.CjiOKa,  H.M.  TenjiHKOB 
PTH  HM.  MHHiJia 

125083  r.MocKBa,yjT.8  MapTa,10-12 
cpaicc;  (095)  214-0662 
M.H.  rpHUIKO 
HHO  MATH. 

143952  r.PeyxoBjMocKOBCKaH  o6jiacxb, 
y.a.rarapHHa,  33 
(DaKc;  (095)  302-  2001 


B  HacxoHiuee  BpeMa  pasBHxwe  KOCMHnecKHX  chcxcm  CBa3H  H^ex  kbk  3a  cnex 
ocBoeHHH  HOBbix  op6HTajibHbix  HOSHUHH  -  3X0  LEO  Iridlum,  Globalstar, 
Teledesic,  Skybridge,  Celestri,  xax  h  pasBHxweM  CHCxeM  GEO  h  MEO  -  3xo  ICO, 
Spaceway  h  aP-  Bee  3xh  npoexxbi  nanpaBnenbi  Ha  coa^aHHe  rjio6ajibHbix 
MHpOBbix  CHCxeM  H  xpeSyiOT  npHBJieqeHHa  XHxaHXCKHx  c[)HHaHCOBbix  aaxpax  jifla 
Hx  peajiHsauHH.  axoro  jjjia  Kaxgroro  h3  npoexxoB  coa^aKDxca  KpynHbie 
MexcayHapoflHbie  (j)HHaHCOBO-  npOMbiuuieHHbie  KOHCopi^nyMbi.  BosMoaccH  jih 
npopbiB  PoccHH  H  expan  co^^pyxcecxsa  b  3xox  GypHO  pasBHBaromHHca 
KOCMHHeCKHH  XeJieKOMMyHHKaUHOHHblH  pblHOK? 

Bo3MO)KeH  npH  ycjXOBHH  co3/iaHHa  onepeacaiomHX,  KOHKypeHxocnoco6Hbix 
xexHonoxHH  h  nocxpoeHHa  xbkhx  chcxcm,  Koxopbie  no  cbohm  SKOHOMHnecKHM 
noKa3axejiaM  6bmH  6bi  peajibHbi  skohomhkh  Pocchh.  TaxHe  chcxcmbi  aojiacHbi 
cxpoHXbca  Ha  3Heproc6eperaioinHx  npHHitHnax,  hx  cxpyxxypa  flOJOKHa  no3BOJiHXb 
no3xanHoe  cos^aHHe  CHCxeM  c  MHHHMajibHbiMH  saxpaxaMH  na  nanajibHOM  3xane  h 
obecneMCHHeM  xopomeH  KOMMepnecKOH  caMOOKynaeMoexH  na  KaxenoM  h3  axanoB 
HX  co3naHHa. 

AAeKBaxHbiM  peineHHeM  3xoh  npoSjieivibi  aBJiaexca  Hcnojib30BaHHe  Ana 
nepcneKXHBHbix  kocmhhcckhx  xejieKOMMyHHKauiHOHHbix  CHCxeM  Majibix 
KOCMHHCCKHx  annapaxoB  (MKA)  hjih  b  ApyroH  xepMHHOJiorHH  cnyxHHKOB  MajiOH 
Maccbi  (MM-Sat). 

B  KanecxBe  xbkhx  cnyxHHKOB  noHHMaiox  cnyxHMKH,  Macca  Koxopbix  ne 
npeBbimaex  1000  icr  h  MoiAHOCXb  noxpe6jiaeMOH  BJieKxposHepXHH  nojie3HOH 
Harpy3KH  He  6ojiee  1,5  kBx.  3anycK  xbkhx  cnyxHHKOB  na  paanbie  XHnw  opSnx 
no3Bonflex  oGecneqnxb  rnGnoe  noaxannoe  coa^aHHC  h  pa3BHXHe  kocmhhcckhx 
CHCxeM  pasnHHHOH  KOH4)HrypauHH. 

BbiBOA  Ha  op6Hxy  cnyxHHKOB  wanoH  Maccbi  (MM-Sat)  Moxeex  6bixb 
oGecnenen  uiHpoKHM  Bbi6opoM  paKex-HOCHxejieii  cpeAHero  KJiacca,  b  xom  hhcjic 
Ha  6a3e  KOHBepcHOUHbix  MBP.  HHO  "MauiHHOCxpoeHHa"  HMeex  b  cbobm  aaflejie 
HCAoporyio  paKexy-HOCHxeJib  "Cxpena",  cosAannyio  na  6a3e  MBP  PC-18. 

Co3AaHHe  MKA  6a3Hpyexca  na  HcnojibSOBaHHH  nepeflOBbix  anepro-H 
pecypeo..— 'CbeperaioinHx  panexHO  -  KOCMHnecKHx  xexHOJioxHH,  a  xaxxce 
nepcneKXHBHOH  paAHoaneKxponHKH,  MHHHMHSHpyiomeH  nocxpocHHC  hojicshoh 
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HarpysKH.  HayHHO-xexHHHecKHe  saflenu,  HMeioiyHeca  b  3toh  oSjiacxH  y  HIlO 
MaiiiHHOcxpoeHHa  h  PaflHoxexHHHecKoro  HHCXHxyxa  MMeHH  aKa^i;eMHKa  A.JI, 
MHHqa  B  KOonepauHH  c  nepCAOSbiMH  HayMHO-npoH3Bp;?cxBeHHbiMH 
npCAnpHBXHHMH  PoccHHCKOH  OcflepaiJiHH  no3BOJiaiox  peuiHXb  3xy  3aAaHy. 

OcHOBOH  MKA  x^OJl)KHa  cxaxb  yHHBepcajibHaa  KOCMHHecKaa  njiax(})opMa 
(YKn),  Ha  6a3e  KOxopOH  Moxtex  co3;];aBaxfaCH  MOj[i;3^jibHbiH  pa^i,  MKA 
pasjiHHHbix  cnyxHHKOBbix  CMCxeM  CBfl3H  GEO,  MEO  H  LEO. 

BbicoKaa  cepHHHOcxb  YKn,  a  xaKXce  npOH3BOxi,cxBeHHbiH  aa^eji  h 
Haj^eMCHOcxb  cpCAHHX  paKex-HOCHxejieH  Moryx  o6ecneHHXb  xopouiHC 
SKOHOMHHecKHe  HOKaaaxejiH  jiflsi  cos^aHHA  na  hx  ochobc  paajiHHHbix 
KOMMepneCKH  3^4^eKXHBHbIX  KOCMHHeCKHX  XeJieKOMMyHHKaUHOHHbIX  CHCXeM. 

BbinojiHCHHbie  PTH  HMenn  aKafleMHKa  A.JI.  MHHpa  h  HIlO 
MauiHHocxpoeHHH  npoeKXHbie  paspaSoxKH  noKa3ajiH  BosMOMCHOCXb  coa^anHsi  na 
6a3e  MKA,  paaMeinaeMbix  na  cpe,aHHx  OKOJioaeMHbix  opSHxax  (KpyroBaa  op6Hxa 
C  BbICOXOH  10360  km),  BbICOK03(]^4)eKXHBHOH  CHCXCMbl  CBH3H. 

AHajioxHHHbie  npHHUiHnbi  Moryx  6bixb  Hcnojib30BaHbi  npH  coaAaHHH 
pexHOHajibHbix  GEO  chcxcm  cbh3h. 

3^(|)eKXHBHOcxb  CHCxeMbi  BlocxHxaexcfl  3  a  cnex  npHMeHCHHH  HOBbix 
npHHijHnoB  nocxpocHHa  6opxoBbix  pexpaHCJWxopOB  Ha  6a3e  a^anxHBHbix 
MHorojiyneBbix  anxcHH. 

MKA  orpaHHHHBaiox  kbk  BecoBbie  noKasaxejiH  pexpancjiaxopoB,  xaK  h 
B03M0)KHyK)  MOlUHOCXb  HX  3JieKxponHxaHHH,  n03X0My  BbiGop  CXpyKXypbl 
nocxpocHHB  pexpaHCJiHxopoB  fljiH  MKA,  hx  nacxoxHoro  AwanasoHa  h  ochobhmx 
napaMexpoB  aHxeHHbix  chcxcm  hmccx  6ojibmoe  SHancHHe  pflu  34)4>eKXHBHoro 
nOCXpoeHHB  XeJieKOMMyHHKai^HOHHOfi  CHCXeMbl. 

npaKXHHecKH  MOXCHO  cHHxaxb,  Hxo  Macca  cnyxHHKa  np«MO  saBHCHx  ox  ero 
3Hepronoxpe6jieHHa,  noaxoMy  CHHXceHHe  BecoBbix  noKaaaxejieii  nojicanoH 
Harpy3KH  moxcho  flo6HXbCB  b  nepByio  oxepeflb  3a  cnex  SHeprocGeperaioinHx  Mep. 

3Heproc6eperaiomHe  xce  npHHUHnbi,  noaBOJiBioinHe  oSecncHHXb 
xpeSycMyK)  aneprexHKy  pa;iHOJiHHHH  KOCMHHecKOH  CHCxcMbi  AHKxyiox,  kbk 
H3BecxHO,  Hcnoiib30BaHHe  MaKCHMajibHoro  pa3Mepa  aHXCHH,  npH  Koxopbix 
ocoScHHO  c  yBCJiHHeHHeM  Hacxox  qacxoxHoro  fl;Hana30Ha  Ku  h  K^  pe3KO 
yMeHbiiiaexca  iiiHpHHa  ^HarpaMMbi  HanpaBJieHHOcxH.  3xo  npH  uiHpOKHX  yrjiax 
o63opa  c  KA  xpe6yex  cymecxBeHHoro  yBejiHHCHHfl  KOJiHHecxBa  jiyneH  anxennoH 
CHCXCMbl.  TaK  HanpHMCp  onxHMHsauHa  pexpaHCJiaxopa  ICO  (MEO)  c  flHaMcxpoM 
aHxcHHbi  «3  M  B  fl;Hana30He  qacxox  »2  FEp  noxpe6oBajio  npHMCHCHHe  103 
jiyqcH.  nepe/i;oBaH  KOCMHHecKaB  chcxcmb  Celestri  b  ,n;Haria30He  nacxox  20*-30  rTp 

HMeeX  KOJIHMCCXBO  JiyHCH  aHXCHHOH  CHCXCMbl  HB  1  CnyXHHK  nOpH^tKa  300.  B  CBa3H 
c  3XHM  3Heproc6eperaioiBHe  cxcmh  pexpaHCJiaxopoB  xpeSyiox  npHnuHnnajibHO 
HOBoro  noB,xo;ta  h  xexHOJiorHH,  o6ecneHHBaiomHX  coa^aHHC  6opxoBbix  anxeHHbix 
CHCXCM  C  KOJIHHeCXBOM  JiyHCH  B  npCflCJiaX  10  2-103. 

npH  3XOM  pacnpe/nejicHHe  SHCprexHKH  b  3xhx  jiyqax  Moxcex  6bixb 
AOCxaxoHHO  HepaBHOMCpHbiM  3a  CHCx  paaaHHHbix  ycJiOBHH  pa6oxbi  cnyxHHKa  h 
r^HHBMHKH  noflKJHOHeHHa  a6oHeHXOB,  noaxoMy  xpe6yexca  artanxHBHoe,  b 
peajibHOM  BpcMCHH,  pacnpeflcJicHHC  moihhocxh  CHXHajia  no  BCCMy  nojiK)  jiyqeH. 
T.e.  AJia  peajiH3auHH  3{|)(j)eKXHBHbix  MKA  xpe6yexcH  co3flaHHe  MHorojiyncBbix 
a^anxHBHbix  aHxenHbix  chcxcm,  Koxopbie  b  xoace  BpcMa  o6jiaflaiox  Majioii  mbccoh. 
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CoBpeMeHHafl  paflHOHH(j3opMaTHKa  h  nepcneKXHBbi  ajieKxpoHHKH  nosBOUHiOT 
peujHTb  3Ty  3a/],aqy. 

Moryx  6bixb  HcnojibsoBaHW  pasHbie  npHHUHiibi  ^ocxHacenuB  axoro. 

npocxeHiijHM  BHAOM  aflanxHBHOH  MHorojiyqeBOH  aHxeHHbi  Mo^ex  cjiy^KHXb 
(J)a3HpoBaHHaH  aHxeHHaa  pemexKa  xHna  BaH-Axxa.  npHHUHn  ee  ;^eHcxBHfl 
cocxoHX  B  CJie/^yiomeM. 

PeiuexKa  cocxohx  h3  Ha6opa  H3JiyqaK)ii;Hx  sneMeHxoB,  iiiHpHHa  30Hbi 
HanpaBJiCHHOcxH  KajK/noro  m3  Koxopbix  cooxBexcxByex  yrjiOBoii  30He 
o6cjiy)KHBaHHa  cnyxHHxa.  Hepea  xpaKXbi  ycHJiHxejiefi  h  npeo6pa30BaxejieH 
CHrHajTOB  Ka>K/I,bIH  SnCMSHT  npHCMHOH  pCUieXKH  CBHSaH  C  COOXBeXCXByKDIUHM 
sjieMCHxoM  nepe^aiomeH  peuiexKM.  PemexKa  sepKajibHO  nepensjiyqaex  npHHaxbie 
CHFHajlbl. 

niHpHHa  jiyqa  c{)opMHpyeMOH  /iHarpaMMbi  HanpaBJieHHOcxH  onpeji;ejiaexca 
ee  anepxypoH.  ripw  sxom  npcAejibHoe  KOJiHqecxBO  JiyqeH,  Koxopbie  Moryx  6bixb 
c({)opMHpoBaHbi,  onpe/^ejiaexcfl,  kbk  H3BecxHO,KOJiHqecxBOM  sjieMenxoB  pemexKH. 
OopMHpOBaHHe  jiyqefi  noAAep>KHBa  xca  HascMHbiMH  SasoBbiMH  cxanpHAMH, 
(j)opMHpyK)mHMH  BOKpyr  ce6a  30Hy(coxbi}  npHeMO-nepeflaqH  jiflu  no^KJiioqeHHa 
aGOHCHXOB. 

TaKHe  pemexKH  Moryx  aerKo  4)opMHpOBaxb  MHiorojiyqesbie  CHCxeMbi  c 
KOJiHqecxBOM  JiyqeH  (I02-l()3)  paajiHqHoro  ^HanaaoHa  bobh,  npH 

oxHocHxejibHO  npocxbix  annapaxypnbix  KOHCxpyKiiHax  c  MajiOH  MaccoH. 

PaaMep  h  4>opMa  o6meH  aoHbi  o6cjiyxcHBaHHH  (JiopMHpyioxca  ycxanoBKOH 
HaaeMHbix  GaaoBbix  cxaHUHH ,  h  noaxoMy  o6maa  reorpacfiHa  cexH  jiexKO 
aAanxHpyexca  no  Mepe  noAKJiioqeHHa  xex  hjih  hhbix  pernoHOB  na  paanbix  axanax 
BBOBa  CHcxeMbi.  BaaoBbie  cxaHUHH  xaxjxe  jiexKO  peryjiHpyiox  SHepreiHqecKHe  h 
HHcfiopMauHOHHbie  noxoKH  B  KOCMHqecKOH  pemexKe,  qxo  a^anxHpyex  paSoxy 
MHorojiyqeBOH  anxennoH  CHCxeiHbi  no  KpHxepHio  MaKCHManbHoro  Kn^. 

JIjih  nocxpocHHa  MHorojiyqeBux  6opxoBbix  anxennux  CHCxeM  Moryx  6bixb 
HcnojibaoBaHbi  h  Apyrne  wexoflbi,  o6ecneqHBaiomHe  peajiH3anHio  flHarpaMMO 
oOpaayiobaHx^  cxeM  c  HaHMenbmHMH  aaxpaxaMH  na  6opxy.  B  qacxHOCXH  c 
opranHsapHCH  anxennoH  CHcxeMbi,  HcnojibayioineH  pexpaHCJiaij[HK)  cnmaiiOB 
qacxoxHO-cjjasoBoro  pacnpe^ejiCHHa  npHCMHOH  6opxoBOH  pemexKH  na  3eMJiK). 

PaccMoxpeHHbie  Bbiiue  mcxoabi  noasojiaiox  co3;^axb  annapaxypy 
MHorojiyqcBbix  pexpaHCjiaxopoB  c  KOJiHqecxBOM  jiyqeH  lO^'lO^  npH  cpe^neH 
eopxoBOH  MOUJHOCXH  H3JiyqeHHB  uo  BCBM  jiyqaM  flo  1,5  kBx.  HpH  3XOM  o6maa 
Macca  OopxoBOH  annapaxypti  pexpaHCJiauHH  ne  npeBbimaex  150  kx. 

06mHH  BHfl  MKA  msi  CHCxeM  CBa3H  na  MEO  npeBiCxaBJien  na  pHc.l 
AaHHbiH  MKA  no3BOJiHex  cosAasaxh  mHpoKonojiocHbie  (^o  80  M6hx/c) 
BHyxpHCOXOBbie  JIHHHH  CBB3H  B  AHanasoHC  20-30  rrp  . 

MKA  jyia  noflBHJKHon  h  MaxHcxpajibnoH  csasH  npe/^cxaBJIeH  na  pHC.2 
Ha  3XOM  MKA  noasHJKHaH  CBB3b  ocymecxBjiaexca  b  ^Hanaaone  11-14  FFu,  a 
MaxHcxpajibHaH  (iwejKcnyxHHKOBaji)  b  AHanaaone  23*32  FFu . 

OpGHxajibHaa  rpynnHpoBKa  h3  24  xhkhx  MKA  no  6  KA  (b  4  naocKocxax) 
no3BOjiHex  opraHH30Baxb  rjioeajibnyio  CBasb. 
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OcHOBHbie  xapaKTepHCTHKH  THnoBbix  cexcH,  co3flaBaeMbix  c 
McnojibsoBaHHeM  MKA  na  MEO. 


1.  BHyTpHCOToeaH  cexb  MyabTMMe;;Ha  m  xeneBMAeHHfl. 
HhCJIO  B03M0)KHbIX  COX  HB  1  KA 
Mhcjio  pa6oHHx  cox 
riponycKHafl  cnoco6HOcrb  AJia  1  coxbi 
^HanaaoH  nacxox 


625 

40 

AO  60  M6hx  /c 
20/30  EEa 


CKopocxb  nepCAaHH  HH(|)opMaqHH: 

-  ox  a60HeHXCK0H  CXaHUHH 

-  ox  nepeHocHMoro  xepMHHana 

2.Cexb  CBa3H  c  noABHXHbiMH  a6oHeHxaMH: 
'Ihcjio  cox  Ha  1  KA 
OponycKHaa  cnocoSHOcxb  jojisi  1  coxbi 
/I,Hana30H  qacxox 

CKopocxb  nepcAaHH  HH4)opMaAHH: 

-  ox  6a30B0H  CXaHHMH  K  aOOHCHXy 

-  ox  aGoHCHxa 


AO  2,048  M6hx/c 
64  K6hx/c 


127 

AO  4  M6hx/c 
7/8  rru 


AO  1024K6hx/c 
AO  384  K6hx/c 


BblBOAbl 

MKA  no3BOAflifox  cosAaeaxb  paA  aKOHOMHnecKH  BbiroAHbix, 
nepcncKXHBHbix  rejicKOMMyHHKauHOHHbix  ycjiyr,  o6ecneHHBaa  BbicoKyio 
KOHKypCHXOCnOCOSHOCTb  Ha  pbIHKe  KOCMHHeCKHX  XeJieKOMMyHHKaUHH. 

CHCxcMbi,  cosAaBacMbie  na  hx  ochobc,  6AaroAapfl  MajibiM  4)HHaHCOBbiM 
3axpaxaM  na  cosAanne  h  buboa  MKA  He  xpe6yK)x  SoAbuiHx  cxapxoBbix 
(|)HHaHCOBbIX  BAO)KeHHH  H  HMCIOX  XOpOUiyiO  B03M0»CH0CXb  aAanXHBHOFO 
HoaxanHoro  cosAaHHH  h  aAanxHBHoro  pasBHXHa  no  oxhouichhio  k  sanpocuM 
pbiHKa,  a  xaKxce  xapaKxepHsyexca  noHHKeHHbiMH  pHCKaMH  bo  BpCMa  cosAaHHfl  h 
aKCHAyaxauHH.  Bee  axo  ASJiaex  secbMa  npHBJieKaxenbHbiM  cosAaHHe  xaxHx  CHCxeM 
Ha  6a3e  MKA  ffnsi  iwajibix  h  paasHBaioiAHxcH  rocyAapexB,  a  xaKxe 
nepcoHajiHsaqHH  Maiibix  CHCxeM  jum  oxACJibHbix  pexHOHOB  h  BeAOMCXB. 


nPEMMYLUECTBA  MCnOJIb30BAHMH  MKA  CBHSU 
HA  FEOCTAHMOHAPHO^l  OPBHTE 

*BypaBHH  A.E.,  *rpmi£Ko  M.M.,  **KapyTim  H.B. 

*HnO  MaiiiHHocipoeHHii 

143952,  MocKOBCKaa  o6n.,  r.  PeyroB,  yji.  ParapHHa,  33 
(J)aKc:  (095)  302-2001  E-mail:  NPO@mashstroy.insk.su 
Tea.  (095)  528-7370 

♦PHHH  Kn 

111250,  i\  MocKua,  yji.  ABMUMaiopHtui,  53 
Tca.  (095)  273-46-59 

AiiHOTauHH:  PaccMorpeHa  cxeivia  pcajuiaanMH  chctcm  cnyrHHKOBO^i  CBaan  c  HcnojibaoBaHneM 
KUiacTepHoro  noaxoaa  k  paauMTMio  KocMHMecKoro  ccrMenTa.  Tukom  noaxoa  noauo/ifier 
ocyiJiecTBHTb  noaianHoe  ocBoenne  MacTOTHoro  pecypca  op6HTajibHOH  noanuMH  aa  c4eT 
aaaeficTBOBaHHJi  MajiopaaMepHbix  cnyruMKOH  cbh3m.  ripMBeaeHbi  flocTOHHCTBa  xaKOft  cxeMbi. 

KoMMepnecKan  npHB.neKaTe.nibHOCTt>  Mcnojib30BaHM;i  Tex  hjim  hhbix  reocTauHOHapHux 
CnyiHMKOB  CBH3H  SaBMCMT  OT  CTOHMOCTM  BblBCiieHMH  OHHOTO  yCJIOBHOTO  TpaHCnOHUepa  B 
cooTBCTCTByioiityK)  op6HTa.abHyK)  no3nuHio. 

ycnexM,  iiocTMmyTbie  Be;iyiiiHMH  npoMSBOflHTejiHMH  annaparypbi  no.ne3HOH  HarpyaxM  m 
cayxeSHbix  CHCxeM,  a  raKxe  onbir  ripcAnpHaTHM  m  HayMHwx  opraHM3au,HM  Pocchm  no 
coaaaHMK)  n  ncnojib30BaHMK)  oaeKTpopaKejHbix  n;ia3MeHHWx  jaBHrareaeM  no3BoaaiOT  yxe  b 
HacToamee  BpcMa  nonoilTH  k  pcaanaauMM  npoexTOB  coaaiaHHa  CHCxeM  cnyxHHKOBOH  CBaan, 
ocHOBaHHbix  Ha  BbiBeiieHMH  Ha  reocxauHOHapHyio  op6Hxy  MajiopaaMepHUX  cnyxHHKOB  CBaan’ 
ocHameHHbix  oaeKxpopaKexHbiMK  naaaMCHHbiMH  aiBHraxeaHMM,  c  McnoabaoBaHMeM  paKex- 
HocMxeaeii  cpexiHero  h  aexKoro  Kaacca. 

B  HFIO  MaiBHHocxpoeHHa  BbinoiiHaioxca  npoeKXHbie  npopa6oxKM  BapnaHTOB 
yHH(J)MunpoBaHHOH  KOCMMHecKOH  naaxc|)op)Mbi  MaaopasMepHoro  reocxauMOHapHoro  cnyxHMKa 
CBBBH  C  HCnoabBOBaHHCM  B  KaMeCXBC  CpeatCXBa  BblBeitCHMJI  Ha  OpOMXy  KOHBepCMOHHOH 
paKexbi-HocHxeafl  Cxpeaa  ,  paapaSoxaHHofl  Ha  Oaae  cHHMacMOM  c  SocBoro  aexypcxBa  b 
cooxBexcxBMH  c  j],oroBopoM  o  coKpameHHM  H  orpaHHHCHHH  cxpaxexH'-iecKMX  HacxynaxeabHbix 
BoopyxeHHK  MBP  PC-18  (SS-I9),  wan  paKexbi-HOCHxeaH  Ha  6a3e  MBP  PC-20  (SS-18). 

CxcMa  BbiBeixeHMB  MaaopasMepHoro  cnyxHHKa  cbb3H  Ha  reocxauHOHapHyio  opOnxy  paKexoti- 
HocHxeae.M  “Cxpeaa”  c  KOCMoapoMa  “CBoGoanbin”  cocxomx  m3  caeayiouxMx  ynacxKOB 
(PMC.  1); 

•  ynacTOK  BbiBeaeHMH  cnyxHMKa  c  paaroHHbiM  6aoKOM  na  KpyroByio  onopHyso  opOnxy 
BbicoxoH  170  KM  M  HaKaoHeHMeM  52°  (oOujaa  Macca  2100  kx); 

•  yMacxoK  cxaSMaMSHpoBaHHoro  naccHBUoro  noaexa  cnyxHHKa  c  paaroHHbiM  6aoKOM  no 
onopHOH  opOnxe  ao  nepeceMeHMa  ee  c  sKBaxopHaabHofi  naocKocxbio; 

•  ynacxoK  nepeBoaa  cnyxHMKa  na  nepexoanyio  BbicoKooaaHnxHMecKyra  opSnxy  c 
napaMexpaMH:  H„=I70  km;  H„=100  000  km;  i=52°; 

•  ynacTOK  nepcBoaa  cnyxHMKa  c  onopnoM  Ha  reocxauHOHapHyK)  opOnxy. 

riepeBoa  cnyxHMKa  Ha  BucoKooaaMnxMMecKyK)  nepexoanyio  op6Hxy  ocyuxecxBaaexca  nyxcM 
3aaeHCXBOBaHHa  xsepaoxonauBHoro  paaroHHoro  6aoKa.  B  peayabxaxe  oGecneHMBaexca 
npnpameHHe  CKopocxM  2909  m/c  (c  7806  m/c  ao  10715  m/c),  mxo  cooxBexcxByex  CKopocxH  b 
nepMxee  aaaaHHOM  BbicoKoaaaHnxMMecKOH  nepexoanoM  opGMXbi.  Macca  cnyxHMKa  b  momchx 
oxaeacHHa  ox  paaroHHoro  6aoKa  cocxaBaaex  620  kx.  ZlaabHeHiiiee  BbiBeaeHHe  na 
reocxauHOHapHyio  opOnxy  ocymecxBaaexca  c  noMouibio  aBHxaxeabHOH  ycxaHOBKM 
KocMMHecKoxo  anoapaxa,  BKaioHaiomeH  oaeKxpopaKexHbie  aBHxaxeaH  MaaoH  xaxM  (xpacxepbi). 
3xm  aBHxaxeaH  oxaMHaioxca  bbicokhm  yaeabHbiM  MMnyabcoM  nopaaKa  1500  c.  B  cocxaae 


ABHrarabHon  ycraHosKM  Wbipe  oAHCBpeMCHHO  paBoraiomHx 


3;ieKTpopaKeTHbix  iiBHrare/iH 


1  -  y'lacTOK  i)b(Bc;ieiiM>)  na  oiiopiiyto  0|)6mt>' 

2  -  oiiopiiaji  op6MTa  (Hxp  =  170  km,  i  =  52») 
.1  ■  nc|x;xoniiaH  op6mt!1  (Hn  =  170  km, 

Ha  =  100  000  KM,  i  =  52°,  aV,) 

4  -  riepcxo/umji  opOHra  (Hir  =  1  000  km, 

Ha  =  1 00  000  KM,  i  =  0°,  aVj) 

5  -  ncpcxo;uian  opOM'ia  (H7t=  35  800  km, 

Ha  =  100  000  KM,  i  .=  0°,  aVj,  aV^) 

6  -  rcocTauHOiiapKasi  opOHra 

7  -  ciiyriiMK  cnnaM 


Phc.  1.  BbiBCTieHHe  Ma.riopa3MepHoro  cnyTHHKa  na  reocrauHOHapHyio  op6MTy 
op3.’lirreoTTaSapHy“:™  "  napexoAHOfi 

29  BHTKOB)  naoCKOCTH  Op6HTbI  HCXOAHOrO  HaiOIOHeHHil 
(1  52  )  MO  coBna,aeHH3  c  SKBaropHajibHoft  njiocKocifaio  (i=0°). 

nJnrD^r,'  BbicoTbi  HepHrcH  H  CHMXcHHe  BbicoTbi  anorcB  MO  36  000  KM  TO  ecTb 

ycTaHOBKa  BKJiioHaeTCfl  Ha  wpaaroH  b  paHone  anoreB  h  Ha  TopMoxeHHe  b  pafioHe  nepHrea 
LSorpUo”  K0CMHHecKH«  anoapax  Bb.xo.HT  na 

ocymecTBjiBeiCH  aBTOHOMHO,  no  aapanee  paccMHTaHHOH  h 
ODeMT^  M  KOMOBCKC  HpoppaMMe.  to  KOHTpoaa  napaMerpoB 

cooTBeT™  KoppeKHHH  Ha  Oopry  cnyxHMKa  HMeerca 

cooTBeTCTByiomaa  HaMepHTCJibHaa  annapaxypa  m  KOMaH^iHaa  pa/iMo;iHHMa  aii>i  cbbxh  c 
HaaeMHblMH  CXaHUHBMH  BO  BpcMB  opoxoxxieHHB  cnyxHMKa  B6aH3H  3eMaH. 

ripH  HcnojibaoBaHHH  B  KanecTBc  cpeiicxBa  BbiBCiieHHB  paKexbi-HocHxejiH  “Cxpeaa”  Macca 

cnyxHHKa  Ha  reocxauHOHapnoH  opOnxe  cocxaBMX  520  kx,  m3  hmx  125  kx  oxBcaeHbi  bjoi 
noiie3HOH  Harpy3KH. 


3HepxexM4ecKHe  xapaKxepMCTHKH  paKexbi-HOCMxejiH  “Cxpejia”  h  KOMnoHOBKa 
roxioBHOH  nacTH  npezicxaBJiCHbi  Ha  pnc.  2. 


KOCMHMeCKOM 


SHEPPETHHECKHE  B03M0>KH0CTH 


K0CMMMECKA51 
rOJlOBHAJl  HACTb 
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CnyTHMK  CBflSH 
/  "PycnaH-MM’’ 


»■'.  6fipK 


Bbicora  KpyroBOM  op6MTbi,  km 


Phc.  2.  PaKCTa-HocMTejib  '"CTpejta”, 

™"  sss'.K  ““  “  ■■ 

Sr?™-  =“="  =~=.  — iss? 

no»UH., 

PacujHpeHHbie  bo3mo>k.hoctm  no  BWBeaeHHJo  cbashux  KA  na  op6HTy: 

^K^acca;  ^  nonyxHOH  no;ie3HOH  narpysKH  na  paKeTe-HocHTe;ie  ™jioro 

.  6o;iee  innpoKHM  BbiSop  paKer-HocMTejicH  cpe;iHero  n  ;ierKoro  oacca  m 
caenoBaiejibHo,  BapnaTHBHocTb  b  onpejie;ieHHM  rpa4)MKa  aanycKoa; 

3anycK  cpaBHHTcjibHO  neiioporoM  paKCTOH-HocMTejicM  na  6a3e  KOHBepcMOHHon  MBP, 

•  noHHxeHHbiH  ypoBeHb  pHCKa,  TBK  KBK  B  c;iyHae  aeapMH  npn  aanycKc  lepaeTc^i  To;n  ko 
laCTb  CBH3HOM  CMKOCTH  cnyTHHKa  c  noaHopa3MepHbiM  eopTOBbIM  peTpaHc;iaTopoM. 

‘  KOMn“nep™o;rB™™  "  *<  "“chb.ob.hmc  3BnpocaM  mccthhx 

BHe^peHHB  Ha  perwoHajibHbiH  pbmoK  yc;iyr  cnyTHMKOBOH  cbabm; 

•  ocBoeHM«  HacTOTHoro  pecypca; 


•  co3naHH;i  MH(]DpacTpyKTypbi  acMHoro  cerMenia  cHCTCMbi  cnyTHHKOBoM  cba3n. 

•  OTHOCMTe/ibHO  HeBbicoKaa  CTOMMocTb  xpaHcnonaepa  na  opfinre,  6aaroaapM  chmxchhki 
pacxo,aoB  Ha: 

•  BbiBexieHMe  Ha  opCnry; 

•  crpaxoBaHMe  pncKOB. 

ripCjlBapHTeBbHbie  3KOHOMMMeCKHe  OHCHKM  nOKaBblBaiOT,  MTO  npM  OflHHaKOBOM  Ka'ICCTBC 
npeaocTaBaaeMbix  ycayr  cnyxHHKOBOH  ciiaaM  m  cpoKe  aKXMBHoro  cf)yHKUMOHi-ipoBaHHji  iia 
op6MTe  10-12  Jiex  MajiopaaMcpHbiH  cnyxHMK  cbmbm  Bbiro/ino  oxBMMaexca  ox  cnyxHHKa  c 
noBHopa3MepHbiM  OopxoBbiM  pexpaHCjiaxopoM  no  KpHxepMio  “cxowMOCxb  xpaHcnoiiiiepa, 
BbiBCACHHoro  Ha  opOMxy”,  npw  3xom  BbiHrpbiiu  cocxaBjuiex  ox  7  xio  35%  b  :]aBMCHMOcxn  ox 
KOH(})HrypauHH  cnyxHHKa  h  paKexbi-HocnxexiB. 

CpaBHMXeabHbiH  anaanB  cxeM  peajiMBauMM  chcxcm  cnyxiiHKOBon  cbbbh  c  rjaacMCTBOBaiiiicM 
xpaaHUMOHHoro  Bapnanra  noBHopaaMepHoro  cnyxHMKa  cbh3h,  BbiBOUMMoro  raxc/ibiM 
paKeTOH-HOCMxeBCM  KJiacca  “flpoxon”,  c  KJiacxepHbiM  noaxoBOM  k  paaBMXMto  kocmhmcckoto 
cerMBHxa,  noBBo/nnomHM  ocymecxBHXb  noarannoe  ocBocHMe  nacxoxHoro  pecypca 
opOHxajibHOH  noBMUMM  nyxeM  paaMemeHMH  b  hch  HCCKOJibKMx  MajiopaaiviepHbix  cnyxHHKOH 
CBH3H,  BbiBoaMMbix  paKexaMM-HocMxeBBMM  BcrKoro  KJiacca,  noKa3biBacx  onpeacBCHiibic 
npeHMyuuecxBa  nocaeaneM, 
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Abstract:  The  scheme  of  implementation  of  satellite  communication  system  with  using  the 
cluster  approach  to  development  of  a  space  segment  is  considered.  Such  approach  allows  to 
execute  step-by-step  run  in  of  the  frequency  allocation  of  the  orbital  slot  by  using  of  the  small- 
size  communication  satellites.  The  advantages  of  such  scheme  are  present. 

The  commercial  attractiveness  of  using  different  geostationary  communication  satellites  depends 
on  the  cost  of  launch  of  one  transponder  in  an  require  orbital  slot. 

Success  achieved  by  the  leading  manufacturers  of  payload  equipment  and  support  systems  as 
well  as  experience  of  Russian  enterprises  and  scientific  organizations  in  creation  and  use  of 
electric-rocket  plasma  engines  allow  right  now  to  start  implementation  of  satellite 
communication  system  projects  based  on  the  launch  into  a  geostationary  orbit  small-size 
communication  satellites  equipped  with  electric-rocket  plasma  engines  by  medium  and  light- 
class  launch  vehicles. 

NPO  Mashinostroyenia  performs  design  studying  of  versions  of  a  unified  bus  of  a  small-size 
geostationary  communication  satellite.  Launch  vehicle  “Strela”  developed  on  the  basis  of  a 
converted  ICBM  SS-19,  or  launch  vehicle  on  the  basis  of  ICBM  SS-18  will  be  used  for 
injection  the  satellite  into  a  geostationary  orbit. 

The  scheme  of  putting  a  small-size  communication  satellite  into  geostationary  orbit  by  “Strela” 
launch  vehicle  from  Svobodny  Cosmodrome  consists  of  the  following  stages  (fig.  1): 

•  stage  of  injection  of  the  satellite  with  the  booster  module  into  a  circular  reference  orbit, 
altitude  -  170  km,  inclination  -  52°  (total  mass  is  2,000  kg); 

•  stage  of  stabilized  coasting  flight  of  satellite  with  the  booster  module  on  a  reference  orbit 
up  to  its  crossing  with  an  equatorial  plane; 

•  stage  of  moving  the  satellite  into  a  transfer  high  elliptical  orbit  with  the  following 
parameters:  H„=170  km;  Ha=100,000  km;  i=52°; 

•  stage  of  transfer  of  the  satellite  from  the  reference  orbit  to  the  geostationary  orbit. 

The  transference  of  the  satellite  into  a  high  elliptical  transfer  orbit  is  performed  by  running  a 
solid-propellant  booster  module.  As  a  result,  incremental  velocity  2,909  m/s  (from  7,806  m/s 
up  to  10,715  m/s)  is  provided  that  corresponds  to  necessary  velocity  in  a  perigee  of  the  preset 
high  elliptical  transfer  orbit.  The  satellite  mass  at  the  moment  of  separation  from  the  booster 
module  amounts  to  620  kg.  The  further  injection  into  the  geostationary  orbit  is  carried  out 
using  the  space  vehicle  propulsion  system  which  includes  low  trust  electric-rocket  engines 
(plasma  trusters).  These  engines  are  notable  for  high  specific  impulse  about  1,500  s.  The 
propulsion  system  includes  four  M70  electric-rocket  engines  operating  simultaneously. 


1  -  stage  of  injection  into  a  reference  orbit 

2  -  reference  orbit  {Hcirc  =  170  km,  i  =  52°) 

3  -  transfer  orbit  (Hrt=170  km. 

Ha=100  000  km,  i=52°,  AV,) 

4  -  transfer  orbit  (H7t=1000km, 

Ha=100  000km,  i=0°,  AV^) 

5  -  transfer  orbit  (H7i=35800  km, 

Hu=100  000  km,  i^^O”,  AV,.  AV,) 

6  -  geostationary  orbit 

7  -  communication  satellite 


Fig.  I.  Injection  of  the  small -size  satellite  into  a  geostationary  orbit 

The  following  sequence  of  stages  of  satellite  transference  from  a  transfer  orbit  on  a 
geostationary  orbit  is  considered; 

Stage  1  -  increase  of  the  perigee  altitude(during  2  revolutions)  up  to  a  value  of  1 ,000  km  where 
aerodynamic  deceleration  of  the  satellite  is  absent. 

Stage  2  -  turn  (during  29  revolutions)  of  the  orbital  plane  with  initial  inclination  (i=52°)  up  to 
alignment  with  an  equatorial  plane  (i=0°). 

Stage  3  -  increase  of  the  perigee  altitude  and  decrease  of  the  apogee  altitude  up  to  36,000  km, 
that  is  transference  of  the  satellite  into  a  geostationary  orbit.  For  the  solution  of  this  problem 
the  propulsion  system  is  ignited  to  boost  the  satellite  in  the  apogee  zone  and  to  decelerate  it  in 
the  perigee  zone. 

As  a  result,  the  space  vehicle  is  injected  into  a  geostationary  orbit  during  about  150  days. 

Satellite  control  is  carried  out  autonomously  by  the  program  computed  in  advance  and  loaded 
in  the  onboard  computer  unit.  For  the  supervision  of  orbit  parameters  and,  if  necessary,  their 
correction  there  is  the  appropriate  measuring  equipment  and  command  radiolink  for 
communication  with  ground  stations  when  the  satellite  passes  over  the  Earth  in  the  perigee 
zone. 

In  case  of  using  “Strela”  launch  vehicle,  the  satellite  mass  on  a  geostationary  orbit  will  amount 
to  520  kg,  payload  mass  will  amount  to  125  kg. 

The  lifting  capabilities  of  “Strela”  launch  vehicle  and  configuration  of  space  head  section  is 
shown  on  fig.  2. 


LIFTING  CAPABILITIES 


SPACE  HEAD  SECTION 


Fig.  2.  “Strela“  launch  vehicle. 

In  case  of  using  launch  vehicle  based  on  a  converted  ICBM  SS-18,  the  satellite  mass  on  a 
geostationary  orbit  will  amount  to  1120  kg,  payload  mass  will  amount  to  315  kg. 

The  comparative  analysis  of  traditional  version  of  heavy  communication  geostationary  satellites 
injected  by  heavy  launch  vehicles  such  as  “Proton”,  “Arian-4”,  “Arian-5”,  etc.  with  the 
proposed  scheme  of  injection  in  combination  with  the  cluster  approach  allowing  to  execute 
step-by-step  run  in  of  the  frequency  allocation  of  the  orbital  slot  shows  doubtless  advantages  of 
the  latter,  consisting  in  following; 

•  Expanded  capabilities  in  launching  into  orbit; 

•  small  communication  satellite  can  be  an  piggyback  payload  while  using  a  heavy  class 
launch  vehicle; 

•  a  wider  choice  of  medium  and  light-class  LVs  and  as  a  consequence,  variety  in 
launching  schedule; 

•  application  of  a  relatively  cheap  LV  based  upon  a  converted  ICBM  for  launching. 

•  Reduced  level  of  risk  as  in  an  emergency  case  communication  capacity  equal  to  only  a  half 
of  that  of  a  heavy  satellite  is  lost. 

•  Capability  to  completely  adaptively  meet  the  varying  requirements  of  local  operators  by 
means  stage-by-stage  approach  to; 

•  entering  into  regional  market  of  satellite  communication  services; 

•  full-scale  usage  of  a  frequency  band; 

•  creation  of  a  ground  segment  infrastructure  for  the  satellite  communication  system. 


•  Relatively  low  cost  of  the  orbital  transponder  due  to  reduction  of  expenses  for: 

•  launching  into  orbit 

•  risk  insurance. 

Preliminary  economic  estimations  show  that  with  similar  quality  of  services  rendered  by  the 
communication  satellite  and  similar  10- 12-years  operational  lifetime  a  small-size 
communication  satellite  is  more  profitable  than  a  standard  heavy  satellite  in  the  criterion  “cost 
of  transponder  . launched  into  orbit”,  thus  a  profit  will  amount  from  7  up  to  35%  in  depending 
on  satellite  configuration  and  launch  vehicle. 


nEPCnEKTMBHASI  KOCMMHECKAfI  HABMrAIUIIOHHAfl  CMCTEMA 


Me^Be^KOB  lO.B.  (PKA),  HeaHOB  H[.M,  IloMyKaeB  B.H,  PcBHHBbix  C.F,  CepfliOKOB  A.H., 
Thxohob  B.^.  TanxceKKO  B,n.,  Kocchko  B.E.,  MeGoxapeB  B  E.  (HIIO 

riM),  HsaHOB  H  E.,  CajiHmeB  B.  A.  (PHHHKII). 


1.  TeHACHl^HM  paSBMTIffl  CnyTHMKOBblX  HaBMraUMOHHblX  CMCTCM  M 
npeAnocbiJiKH  A/in  cosAaHMSi  hobom  KOCMUHecxoM  HaBHrauiiOHHOM 
CMCTeMbI  (KHC). 

OnbiT  3Kcn.nyaTaBMM  AByx  cnyjHMKOBbix  paAnoHaBuraBHOHHbix  cmctgm 
r/IOHACC  M  GPS  BMeCTG  C  aHanwaOM  COSpGMGHHblX  nOTpG6HOCTGM  B  TOHHOM 
M  HaAeXCHOM  HaBHraAMOHHOM  o6GCnGHGHMH  BblBBUA  pBA  HGAOCXaTKOB 
cyiAGCTByioiAMx  cmctgm  m  nosBOAM/i  onpGAe/iUTb  Hanpae/iGHi/iq  mx  pasBUTnq  c 
AG/lbK)  paCLUHpGHHq  KaTGrOpUpi  M  KO/IMHGCTBa  rpaXAaHCKMX  nOTpG6MTGJlGM.  K 
3TMM  HanpaBJIGHMqM  othocbtcb: 

•  nOBbllilGHMG  TOHHOCTM,  HaAe>KHOCTM  M  OnGpaTMBHOCTM 
MGCTOOnpGAeTIGHMq  nOABMXHbIX  nOTpG6MTGJlGM,  npGAtBBBBlOlAMX 
nOBblLlJGHHblG  TpGSOBaHMB  K  HaBHraUMM  M  6G30naCH0CTM  ABMXGHHq 
(o6GCnGHGHMG  ROCaAKH  CaMOJlGTOB,  CyAOBOJig^GHMG  B  OTpaHI/IHIGHHOM 
aKBaTopuM,  xGBG3HOAopoxHbiM  M  aBTOMo6iiJibHbiM  TpaHCRopT,  ynpaB.nGHMG 
0K0/103GMHblMM  KA  M  AP  ); 

•  yJiyHlilGHMG  XapaKTGpMCTMK  AOCrynHOCTM,  HGnpGpbIBHOCTM, 
AG/IOCTHOCTM  (0C06gHH0  B  HaCTM  OnGpaTMBHOTO  AOBGAGHMB  AO  nOTpG6MTG/iq 
MHCj^OpMaAMM  O  HapyiBGHHqX  LUTaTHOM  pa60Tbl  CMCTGM)  HaBMraAMOHHOrO 
no.nq; 

•  opraHMaauMB  AGHTpa/iMaoBaHHoro  AncnGTHGpcKoro  kohtpobb 
(MOHMTOpMHra)  ABMXGHMB  TpaHCnOpTHbIX  CPGACTB  M  CjjOpMMpOBaHMG 
pacnpGAGTIGHHblX  CMCTGM  ynpaBJlGHMB  nOABMXHbIMM  06tGKTaMM  c 
MCn0J1b30BaHMGM  KOCMMMGCKMX  TGXHOTIOrMM  HaBMraUMM  M  CBBBM. 

CyiAGCTByHDT  ABa  noAxoAa  k  pguighmk)  BonpocoB  paaBMTMB  KHC. 
riGpBblM  HanpaBBGH  Ha  COBGpUJGHCTBOBaHMG  XapaKTGpMCTMK 
AGMCTByiOIAMX  KHC  M  CBBaaH  C  C03AaHMGM  Ha3GMH0M  CGTM  CTaHAMM 
MOHMTopMHra  M  noACMCTGM  An4>cl>epeHUMajibHOM  HaBMrauMM  A^q 
y/iyHLUGHMq  XapaiCTGpMCTMK  TOHHOCTM  M  14GTIOCTHOCTM  HaBMTapMOHHblX 
no/iGM;  co3AaHMGM  COBMGCTHOM  r/lOHACC/GPS  annapaTypbi 
noTpG6MTG/iq  Anq  y/iynujGHMq  xapaKTGpMCTMK  aoctyohoctm  m 
HGnpGpbIBHOCTM;  MCnOJlbBOBaHMGM  CBq3HblX  yCJiyr,  npGAOCTaB/iqGMbIX 


cucTeMaMM  KOCMMMecKoPi  CBS13H,  nepeAaHM  AMct>4)epeHUMa/ibHbix 

nonpaBOK,  HHCjiOpMamiM  o  COCTOJIHMM  CUCTGMbl,  OpraHM3ai4HM  KOHTpon^!  M 
ynpaB/ieHM5i  noABuxHbiMn  o6i3eicTaMM.  Pa6oTbi  no  stmm  HanpaBJieHUBM 
bgaytcr  b  paMKax  laKHX  Me>KAyHapoAHbix  nporpaMM,  kbk  EGNOS  (European 
Geostationary  Navigation  Overlay  System),  WAAS  (Wide  Area  Augmentation 
System). 

BiopoPi  noAxoA  npeAnonaraer  nocipoeHne  hobom  KHC  c  6o;iee 
BbicoKHMM  xapaKTepucTMicaMM  HaBuraitMOHHoro  nojiR,  hgm  y  cyu^ecTByioatMX 
cMCTeM,  M  opueHTupoBaHHOM  Ha  rpaxAOHCKoro  noTpeCwTe/iR  c 
npeAOCTaBneHHeM  Aono/iHHie/ibHbix  ycnyr.  3a  nocjieAHMe  abo  AecRTH/ieTHR 
npeA/ioxGHO  HecKOJibKO  npoeicroB  HaBMraLi.MOHHbix  CMCieM,  npeTeHAyiou4,Mx 
saMeHMTb  HJiM  AOHOJiHHTb  c|)yHKi4HOHnpyioutiie  CMCTeMbi.  3to  npoeXTbl 
NAVSAT,  GRANASS,  GEOSTAR,  GLOBSTAR  m  aP- 

HuTepec  k  LUMpoKOMy  BHeApOHMio  cynecTByiouJiMX  cnyrHMKOBbix 
TexHonorMM  HaBnrai4Hin  w  k  npoexTaivi  hobom  nepcneicTHBHOM  KHC  saMeTHO 
noBbiCMJiCR  b  SanaAHoCi  Espone  b  cepeAMHe  90-x  toaob  kbk  cneACTBue  hgtko 
BbipaxceHHOH  HanpaB/iGHHOCTU  sanaAHO-eBponeHCKoro  coodmecTBa  Ha 
AOCTMxceHMe  nporpecca  u  HeaaBucuMOCTM  b  nacTM  o6ecneHeHMR 
BbicoKOTOHHoPi  HaBuraAMeCi  eeponeMCKi/ix  rpaxgoiaHCKHX  noTpe6nTejieDi.  Tax,  b 
paMxax  eeponePicKOH  nporpaMMbi  EGNOS  rpoboabtcr  paSoTbi,  CBRsaHHbie  c 
MCcneAOBaHHeM  hobbix  cnyiHHKOBbix  rexHO/iorHM  naBHrauHH  m  BonpocaMW 
nocjpoeHHR  nepcneKiHBHbix  KHC  (nporpaMMbi  ARTES,  NAFEX).  B  3tot  xe 
nepHOA  cneu,najiMCTaMM  poccmmckmx  opraHHsaunw  (PKA,  HflO  FIM,  PHHl/1 
KFI,  Uyn-M)  coBMecTHO  c  neMeuKHMH  cneuMajiMCTaMM  ((t)MpMa  DASA) 
npOBeAOHbl  MCC/ieAOBaHHR  B  06jiaCTH  COSAaHWR  hobom  XOCMMMeCKOM 
HaBMrauMOHHOM  CMCTeMbi  (nporpaMMa  PROPNASS).  PeaynbTaTbi 
MCCneAOBaHMM  nOATSepAHilM  BOSMOXHOCTb  C03AaHMR  HOBOM  KHC  c 
xapaKTepMCTMKaMM,  npeebiLuaioiAMMM  coBpeMeHHbiM  ypoBenb  HaBMrauMOHHbix 
cmctgm,  a  TaKxe  paciuMpRiOLueM  cnexip  npeAOCTaB/iqeMbix  yc/iyr 

AOnOJlHMTe/lbHOM  CjjyHKUMeM  AByCTOpOHHeM  l4,M(t)pOBOM  CBR3M. 

OcHOBHbie  nojioxeHMR  KOHuenuMM  hobom  KHC  hpmboabtcr  hmxg. 


2.  UejiM  cosAaniiisi  h  o6iiacTMi  npMMeHeHMsi  nepcneicTHBHOM  KHC 

ripeAnaraeMaq  KHC  npeAHasHaneHa  Ana  (l)opMMpOBaHMR  r/io6a/ibHoro 
MRM  perMOHanbHoro  naBMrauMOHHoro  nojin  c  6ojiee  bwcokhmh 
xapaicrepMCTMKaMM  no  tomhoctm,  AOCiynHOCTM,  uienocTHOCTM  m  aP-,  hgm  y 
cyiAecTByiou^MX  cmctgm  GPS,  F/IOHACC,  b  MHTepecax  lUMpoxoro  Kpyra 


rpa>KAaHCKMx  noTpe6MTejieM.  KpOMe  ochobhofo  HasHaHeHHR  cucieMa  MO>KeT 
Mcno/ib30BaTbca  B  KanecTBe  ni-iCTpyMeHTa  coaAaHUB  oneparuBHoro 

AMCTaHAMOHHOrO  KOHTPO/IB  1/1  ynpaBJieHMfl  nOABMXHbIMM  o6'beKTaMM, 
paccpeAOTOMGHHbiMM  Ha  6o/ibiuMx  n/iOLuaABx. 

K  npi/iopmeTHbiM  HanpaB/ieHMBM  Mcno/ibsoBaHUR  hobom  KHC  OTHOCflTCfi: 

•  ynpaejiGHHe  BOSflyuuHbiM  TpaHcnopiOM; 

■  HaBnraqnoHHO-CBq3Hoe  oSecneneHi/ie  MopcKoro  ipaHcnopra; 

■  KOHTpojib  H  ynpaBJiGHiie  >Kene3HOflopo>KHbiM  TpaHcnopiOM; 

•  o6Hapy>KeHne,  KOHTponb  h  nnKBHflaL4MB  nocneflCTBi/iOi  HpesBbNaPiHbix  cnTyaL\MH, 
cnacGHi/ie  lepnaiAUX  6eflCTBne; 

•  MOHUTopHHr  H  ynpaBJiGHHe  aBTorpaHcnopTOM  h  KOHTGHHepHbiMH  nepeB03KaMn; 

•  c6op  MGTeOflaHHblX  C  MGTG030HA0B,  OpraHH3aM,Mf!  MOHHTOpi/IHra  MGTGOycnOBHI?l. 

3.  Tpe6oBaHMn  k  CMCTeMe 

K  nepcneKTMBHOM  KHC  npeABBBJiBiOTCfl  c;ieAyioiAne  o6mne 

Tpe6oBaHMB: 

•  HG3aBncnMOCTb  OT  cyinGCTByioiAUX  CMCTGM  GPS,  rJlOHACC; 

■  aKcnnyaranHB  m  ynpaBJiGHHG  cmctgmoh  nofl  MG>KflyHapoflHbiM  rpa>KflaHCKHM 
KOHTpOJlGM; 

•  6onGG  BbICOKHG  nOKaBaTGflH  TOHHOCTU,  HaflG>KHOCTH,  l^GJIOCTHOCTH, 
HGnpGpbiBHOCTH  H  flocTynHOCTH  HaBHraqHOHHbix  ycnyr,  mgm  y 
cyiAecTByfOiAHX  cmctgm; 

•  OTcyrcTBHG  CGnGKTUBHoro  flocTyna; 

npGflocTaBriGHHG,  Hapafly  c  HaBnraL\MGi?i,  ycnyr  no  ABycTopoHHGH  l4h4)poboh 
CBBSH  noTpG6nTenn  c  qGHjpoM,  BKnKDHan  TpaHcnni4HK)  i/iHC|DopMai4Hn  flnn 

nOTpG6MTGnGM  O  14GnOCTHOCTM  CHCTGMbI  H  lllHp0K030HHblX 
flnc}D4)GpGHi4nanbHbix  nonpaBOK. 

Ha  OCHOBG  TpG60BaHHH  nOTpG6HTGnGH  CCj:)OpMynHpOBaHbl  OCHOBHbIG 
TpG60BaHMfl  K  CHCTGMG,  a  MMGHHO; 

1 ,  Op6i/iTanbHan  KOHClDi/irypai^HH  flon>KHa  oSGcnGHHsaTb: 

nOnHOG  nOKpblTHG  3GMHOI4  nOBGpXHOCTH  flnn  rno6anbHOl)l  CHCTGMbI  H  nOKpbITMG 
30Hbl  10°  C.LU.  -  65°  C.IJLI.,  11°  3. A-  "61°  B.A.  A-HB  GBponGHCKOH  CHCTGMbI; 

■  95%-IO  BGpOBTHOCTb  HaXO>KAeHH51  B  pa60HGH  30HG  BHAHMOCTH  fipH  ymG  MGCTB 
Gp3>15°  HG  MGHGG  5  CnyTHHKOB  {P(NBMfl>5)  >0.95). 

2.  XapaKTGpHCTHKM  paCnpGAGnGHHB  SHBHGHHH  TGOMGTpHMGCKHX  Cj^aKTOpOB 
GDOP  (PDOP),  npHBGAeHHan  omnOKa  b  ncGBAOAaJibHOCTH  AonxHbi  o6GcnGMHBaTb 
TOHHOCTb  (2a)  MGCTOonpGAenGHHn  no  npBMbiM  HBMGpGHHBM  B  opGAGnax  5-1 0  M. 


ToMHOCTb  0.5-5  M  Aon>KHa  AOCTuraTbcn  c  McnonbaoeaHneM  MeroflOB  m  cpeflCTB 
fln4)c|DepeHi4nanbHOM  Hasurai^nn  nni/i  pe>Ki/iMa  nawiepeHniJi  Ha  cjDaae  Hecymeti . 

3.  BpeMJi  peaKi^MH  CHCieMbi  Ha  nei/icnpaBHOCTb  «  2-3  c. 

4.  CBB3b  flOJiKHa  6biTb  moOanbHOM  (oxBaibiBaTb  BCK3  30Hy  o6cny>KHBaHHJi  flna 

perHOHanbHoPi  ci/icreMbi)  h  nenpepbiBHOH  no  speivieHH. 

CyMMapnafl  cpeAHBH  nponycKHayi  cnoco6HOCTb  CBfi3Horo  Kanana  Rn9\ 
o6ecneHeHMB  i^HcfjpoBofi  CBB3bK)  noTpeeHTeneM  b  eBponencKOM  perMone  «2M6ht/c. 

5.  KOHTpOnb  COCTOBHHB  CnyTHHKOBOH  CHCTeMbl  AOn>KeH  6blTb  HenpepbiBHbiM  H 
rno6anbHbiM.  KoHTponb  i/i  ynpaBfieHHe  AOJi>KHbi  oOecneJMi/iBaTbca  c  MaKcmvianbHbiM 
MCnonb30BaHHeM  HaSHram/lOHHblX  l/1  CBB3HblX  CjDyHKl^HH  CaMOH  CHCTeMbl. 

4.  flpMHUMfflbl  nOCTpOeHMfl  Ml  OCHOBHbl©  XapaKTCpMCTMKM 
nepcneicTMBHOM  KHC 

Op6i/iTaJibHbie  KOH0Mrypai4MM 

HanOonee  nepcneKTMBHbiM  KjnaccoM  op6nT  a^^  nocrpoeHi/iB  kbk  moOanbHOH, 
laK  H  pemoHanbHOH  ci/icieM,  yAOBneiBopRiOLAHX  ynoMRHyibiM  TpeOoeaHHRM, 
RBJiRiOTCR  aeocuHXpOHHbie  HaKfiOHHbfe  op6umbi  (rCHO)  (eKJifO^afi 
aeocmatiuoHapHbie  opdumbi  (rCO)). 

KoH4)nrypai4HR,  KOTopaR  npH  MHHHManbHOM  Mi/icne  cnyiHHKOB  —  24  — 
oOecneHHBaeT  BbinonneHHe  ycnoeuM  P(NBMfl^5)  >0.95;  P(GDOP<5)  >0.95;  Gp3>15°  b 
rno6anbHOM  BapnaHie  iiMeei  cneAyKDinne  xapaKrepHCTHKH:  KOJiMnecTBO  cnyrni/iKOB 
-  24;  KORHMecTBO  op6nTanbHbix  rmocKOCTeH,  paaneceHHbix  na  120°  no  AOJ^^OTe  -  3; 

HaKnoHGHHe  -  60  -  65°;  nepwoA  -  24  naca. 

M36biTOHHoe  HHcno  HKA  -  3-6  (no  OTHomeHHK)  k  24  HKA  MHHUManbHOH 
KOH4)nrypaL4HM)  nosBOJiRer  nocrpOHTb  CMcreMy,  ycroHMHByK)  k  BbixoAy  H3  crpoR  1-2 
HKA.  npHMGpOM  TaKOH  CHCTGMbl  RBnRGTCR  CHCTGMa,  COCTORlHaJ^I  30  HKA  (3x10). 

PerMOHanbHaR  (eBponencKaR)  CHCTGMa,  yAOBneTBOpRioiAa^i  Tpe6oBaHHRM  na 
BCGM  cyroHHOM  HHTepeane,  MO)KeT  ObiTb  nocrpoena  na  6a3e  15  HKA.  Bbi6paHHbix 
H3  “MMHHManbHOH”  KOHCflHrypaUiHH  (24  HKA)  mo6anbHOH  CHCTGMbl. 

ripoBGAenbi  npGABapHTGnbHbie  nccneAOBaHHR  KOH4)nrypam/iH  AJ^B 
pernoHanbHbix  chctgm,  hg  RBnRioinHXCR  nacTbK)  rno6anbHOH  cwcreMbi.  noKaaano, 
HTO  Moryr  6biTb  nocTpoenbi  CHCTGMbi,  yAOeneTBOpRiOLLiHe  bcgm  nepem/icneHHbiM 
BbllLIG  TpeOOBaHHRM  HG  BCGM  CyTOHHOM  HHTGpBanG,  C  MHCHOM  HKA  nOpRAXa  10-12. 
npOBGAeHHbiH  ananna  ycTOMHHBOCTH  0p6nTanbHbix  KOHCjDnrypai4HH  no 

OTHOLUGHHK)  K  B03MymaiOL4HM  (|DaKTOpaM  nOATBepAHJI  B03MO>KHOCTb  nOAASP^aHHR 

op6nTajibHbix  KOHcjDnrypai4HH  b  rpeOyeMbix  npGAenax  nyreM  nepnoAHMecKn 
npOBOAHMbIX  KOppeKL4HH.  llpH  3TOM  HA  nOAA6p>*<aHHe  OpHGHTaqUH  H  KOppGKqi/IK) 
op6nTbi  HaBHrauMOHHoro  KA  Tpe6yeTCR  hg  6onee  25  xr  TonnnBa  npH  BpeMGHM 


aKTMBHoro  cyiJ^ecTBOBaHt-iFi  cnyTHUKa  10  nei.  npeflno>KeHa  onTHManbHafl  CTpajerna 
npoBeflGHUfl  KoppeKTupyfomux  ManeapoB,  yMUTbisatOLnayi  ocoOghhoctu  yxoAa 
CnyTHMKOB  H3  “HOM^tHanbHOfl  tohkm”. 

HacTOTHbie  fli/ianaaoHbi  cucreMbi 

Ha  OCHOBG  MCCneflOSaHUB  AOCTH>KHMblX  TOMHOCieM,  flOCTynHOCTU  naCTOTHblX 
fluanaaoHOB,  raOapuTHO-MaccoBbix  xapaKrepncxi/iK  annapaxypbi  n  ee 
3HepronoTpe6neHniq  onpedeneHbi  ^acmomHbie  duanasoHbi  padombi  cucmeMbi: 

HaBuraqMOHHoro  cumaria  -  ochobhom  BapnaHj;  rpn  MacTOTbi  b  L- 
fluanaaoHe,  cneicrp  flByx  m  KOTopbix  6;im30k  k  fluanaaoHy  nacTOT  rjlOHACC 
(aanacHoi:^  BapnaHi;  oflna  MacTOja  b  L-fluanaaoHe,  BTopaa  b  C-Ananaaone); 
nacTOTa  AanbHOMepHoro  KOAa  paBHa  8  - 10  MFl;; 

CBB3Horo  cumajia  -  ochobhom  BapnaHi;  S-AMana30H  A^^fi  MoOunbHOM 
CB«3M  (3anacH0M  BapnaHT!  C-Ananason),  X-Anana30H  aji^i  cjDHAepHOM  CBfi3n. 
Becoebie  u  anepaemuHecKue  xapaKmepucmuKu 

C  yneroM  nepcneiauBHbix  rexHonoruM  onpedeneHbi  ocHoeHbie  eecoebie  u 
3Hepaemu^ecKue  xapaKmepucmuKU  HaBMrai4H0HH0i?i  n  CBa3HOw  nojie3HOM  Harpy3KM, 
cny>Ke6Hbix  noACi/icjeM  KOCMnnecKoro  annapaia,  onpeAenenbi  KOMnoHoeoMHan 
cxeMa  u  o6lu,uu  o6nuK  KOCMunecKoao  annapama,  ero  cyMMapHbie  BecoBbie  m 
SHepreinHecKi/ie  xapaKrepucTHKn,  KOTopbie  cociaBjnBKJT;  oOiAafi  Macca  cnyrHUKa  - 
1000  - 1250  Kr;  o6u^ee  SHepronoTpeOneHne  - 1325  -  2550  Bt. 

PasBepTbiBaHMe  cucreMbi 

flan  pa3BepTbiBaHMfi  opOnraabHoti  rpynni/ipoBKH  npeA/ioxceHO  Asa 
BapuiaHTa:  OAHHOHHbiw  3anycK  -  Hocureab  “Cok)3-2”  c  pa3roHHbiM  SaoKOM  “Operax” 
(KOCMOAPOM  naecfjqK):  rpynnoBOM  3anycK  -  Hocnxeab  “ripoxoH-M”  c  pa3roHHbiM 
6aoKOM  “Bpn3-M”  (kocmoapom  BawKOHyp). 

HaaeMHbiu  ceaMenm  ynpaenenun 

Cc|DopMyanpoBaHbi  npuHi^unbi  opraHnaaqm/i  ynpaBaeHun  ci/icxeMOM  m  ee 
MOHMXopuHra,  6a3npyK3innecn  Ha  HAee  i/icnoab30BaHi/in  cexn  Ha3eMHbix  kombhaho- 
xeaeMexpuHecKMx  n  KOHxpoabHO-H3MepnxeabHbix  cxaHL|MH,  BbinoaH?!K>LL|Mx 
cjDyHKquM  npneMa/nepeAaHM  KOMaHAHO-xeaeMexpumecKOw  n  HSMepi/ixeabHO/ 
HHC}30pMam/IH,  CMHXpOHMSai^HH  BpeMeHH,  MOHHXOpMHra  CUCXeMbl  n 
oOivieHUBafOLAMXcfi  HHc|)opMaL|neM  c  UeHxpoM  ynpaBaenun  cncxeMOM  c 
ncnoab30BaHneM  cay>Ke6Horo  (c|3HAepHoro)  Kanana  cnyxHHKOBOH  HaBurauiMOHHO- 
CBn3HOi;i  CMCXeMbl. 

nompedumenbCKuu  ceaMenm 

Ha  AaHHOM  sxane  uccaeAOsaHHH  npeAsapnxenbHO  onpeAeaeHbi  nexbipe 
ocHOBHbix  Kaacca  noxpe6nxeabCKOM  annapaxypbi,  oxanMaK)UJinecn  raSapMXHO- 


MaccoBbiMn  xapaKTepucTHKaMn,  cKopocTbK)  npneMa/nepeflann  flaHHbix, 
noTpeSjineMOM  MOu^HOCTbio.  3to: 

Maccoaaa  nopTaiuBHafi  annapaiypa  norpeSuTenyi; 

•  noptaTUBHafl  annaparypa  Tuna  “HooTQyK”; 

•  annaparypa  Mo6nnbHbix  oSiseKTOB; 

■  CTat4H0HapHa?i  annaparypa  Ann  npuMBHeHun  b  mopckom  4>nore,  aBnai^m/i,  >k,-a 
rpaHcnopre. 

Ana  Ka>KAoro  Knacca  onpeAeneHbi  ocHOBHbie  xapaKrepucrviKH.  KpoMe  roro, 
onpeAeJieHbi  crpyicrypa  m  cocras  cpeAcrs  norpe6nrenbCKHX  onepai^noHHbix 
LtGHrpOB. 

□peA/iaraeMbiM  eapnanr  nepcnOKruBHOM  KHC  6a3npyeTCfl  aa 
coBpeMGHHbix  rexHOJiornBx  v\  a/ieMeHraoM  6a3e  n  ae  rpe6yer  npoBGAGHUB 
Aononanre/ibabix  aayHao-MCcneAOBare/ibCKHX  pa3pa6oroK.  C  yneroM  onbira, 
aaKonneaaoro  BeAytUUMn  poccmmckmmm  npeAnpHBTUBMH  b  o6/iacrM 
KOCMMHecKOM  aaBuraAMM,  npoeKruposaane  m  coaAaai/ie  ocaosabix  aneMearoB 
CMcreMbi  (BKJiiOHasi  noAroroBKy  m  aanycK  1-2  SKcnepuMeara/ibabix  KA) 
pea/ibao  k  aanajiy  cneAyioiMero  AecBTunernB. 


1-a  ME)KflyHAPOAHA5I  KOHOEPEHI1H5I-BHCTABKA 
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CxaTba  nocBameHa  ananHay  BoaMOXCHOcxeii  coaflaHaa  m  nepcneKXHBaM 
HcnoBbaoBaHHa  flxta  BfameaeHHa  MaJiHx  cnyxHHKQB  no^^neacamax  BHKBHAai^HH 
6aJuiHcxHBecKHx  paKex  HaaeMHoro  h  MOpcKoro  SasHpoBaHUa.  OxMeaaexca,  Mxo  b 
cymecxByion^HX  ycjioBHax  orpaHHHeHHorp  ^^HHaiicHpOBaHHa  kocmhbbckhx  npo” 
FpaMM,  npHMeHeHHe  oxHOCHxejiBHO  Aemesbix  KOHBepcHOHHbix  paxex-HOCHxeneH 
Gy^ex  cnocoGcxBOBaxb  npaKXHaecKOH  peai(HaaB,HH  hobhx  kocmhbbckhx  xexHOJio- 
rail  H  paaBcpxbiBaHHio  cnyxHHicoBbix  chcxcm  Ha  ocHOBe  Majibjx  KA. 

CocTO:tfHHepa3pa6otK:tt  n  coaaaHHH  KOHBepcwioHHbix 
paKCT^HOCHTejiefi 

B  Hacxoau^ee  speMa  npOBOflHXca  uiHpoKOMacuixaGHoe  coKpameHHe  cxpa*- 
xexHHecKHX  HacxynaxejibHbix  BoopyjxeHHH.  3HaBHxeJibHaa  nactb  paxex  yxce  jihk- 
BHB,HpoBaHa,  o^HaKO  B  GjiHxaHiHHe  10  jiex  npe^cxonx  cnaxt  c  BoopyxceHHa  Gojiee 
1000  paKex  HaaeMHoro  H  MopcKoro  GaaapOBaHHa.  YHHHxoxceHHe  xaKoro  kobh- 
HecxBa  paxex  aBJiaexca  j^oporocxoaineH  h  aKOjioxHHecKH  ojiacHOH  npOBexi;ypoH.  B 
xo  ace  BpeMa  florosopaMH  CHB .  npeflycMoxpeHa  BoaMoaCHocxb  HcnojibaoBaHHa 
GoeBfaix  paKex  b  MHpHbix  H,ejiax  AJia  aaiiycKa  KOCMHaecKHX  oG-beKXOB.  Ho  axoMy 
Bonpocy  HMeexca  paA  nocxaHOBBeHHH  npaBHxeubCXBa  OAoGpeHa 

“OeAepaBbHaa  HCJieBaa  nporpaMMa  npoMbiuiaieHHOH  yxHJinaaAHH  BoopyaceHHH  h 
bochhoh  xexHHKH  Ha  nepHOA  AO  2000  roAa”,  b  KoxopoS  xaKXce  npeAycMoxpeHbi 
paGoxbi  no  nepeoGopyAosaHHio  MBP  B  BPIIJI  b  paKexbi-HOCHxejiH  KA. 

L(HHHMaiii,  HHH  h  KB  oxpacAH  GbuiH  npoBeAenbi  cooxBexcxByiomHe 
HpoeKXHbie  HCCJieAOBaHHa  h  noKaaana  xexHHHecKaa  BoaMoacHOCXb  H  OKOHOMHAe- 
CKaa  AeAecooGpaaHocxb  ncnojibaoBaHHa  aHanHxeJibHOH  naoxH  CHHMacMbix  c  bo- 
opyaieHHa  paKex  no  HOBOMy  HasnaneHmo.  IlpH  axoM  oAHOBpcMeHHO  peuiaexca 
aaAana  nx  jiHKBHAanHH  mcxoaom  nycKa.  OcHoBHbie  npoeKXbi  KOHsepCHoHHbix  pa- 
Kex-HOCHxeneH  npHseAenu  Ha  pHC.  1 . 

MaKCHMaAbHbie  aHeprexHAecKHe  xapaKxepBcxHKH  HMeex  PH  “^Henp”, 
co3AaBaeMafl  na  Gase  MBP  PC-20.  ;(axce  npaKXHAecKH  b  mxaxHOM  BapHaHxe  axa 
paKexa  co  cxapxoBofi  Maccog  okojio  210  x  Moxcex  bbibscxh  Ha  HHSKyio  opGnxy  ao 
4,5  X  nojiesHoro  rpysa.  IIpH  axoM  AopaGoxKH  paKex  GyAyx  saKAionaTbcx  B  hsmc- 
HeHHH  anropHXMa  CY,  oGecneneHHH  aACKxpHAecKHx  CBaseS  c  KA,  ycxanoBKe  xe- 
jieMexpHAecKHx  chcxcm  h  HsroxOBJieHHH  hoboh  paMbi  A?ia  ycxanOBKH  h  oxAejieHna 
KA.  npHMOHeHHe  Ha  PH  “/(Henp”  AOnojiHHxeAbHon  paaroHHofi  cxynenH  no3BO- 
BHx  BbiBOAHXb  HB  HH3KHe  opGHXbi  Gojiee  5  X  HOJiesHoxo  rpysa  hjih  cymecxBeHHo 
noAHBXb  Bbicoxy  opGnxbi  (snicoTb  ao  peajiHXanHH  xpaeKxopHH  k  GjiHxcafiuiHM 
rmanexaM).  B  anpejie  1998  r.  .c  KOCMO,opoMa  BaHKOHyp  ycneniHO  npoBCAen  as- 
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soBaTLCH  TexHOJiorHH  H  sjieMeHTH  paKBT  PCM-52  H  PCM-54,  nnaHHpyeTCH  peann- 
30BaTb  HOSbie  BHfl;M  6a3HpoBaHHH  n  cxapra  (KopaSejibHbiH,  caMoneTHbm). 

PaKexa-HocHTejib  ”Bojina”,  co3/i;aHHafl  na  6a3e  BPHJI PCM-50,  (cxapxoBaa 
Macca  OKOJio  34  x)  Hcnojibsyexc^,  b  nepsyia  onepe^b,  npH  nycKax  no  6ajiJincxH- 
necKHM  xpaeKxopHiiM  pemenM  sa^^an  oxpa6oxKH  xexHOjrornw  noJiyHCHHa  Ma- 
xepHajioB-B  ycjiOBHax  KpaxKOBpeivieHHOH  MHKporpaBHxau;HH  h  ;ipyxHX  nccjieflOBa- 
HHH,  HanajiOM  KOMMepnecKoro  HcnonbsoBaHHH  KOHsepcnpyeMbix  BPnJI  moxcho 
cnnxaxb  nycK  b  1995  ro^y  PH  “BojiHa”  c  xepMOKOHBeKUHOnnbiM  MOflyjieM  Bpe- 
MCHCKoro  yHHBepCHxexa  (FepMaHKH). 

HcnoJib30BaHHe  b  KOHBepcnoHHbix  paxexax  yxce  paspaGoxaHHOn  n  h3xo- 
xoBJiCHHOH  MaxepHajibHOH  nacxn  npe^onpefleiWex  cymecxBeHHO  MCHbuiHe  saxpa- 
xbi  Ha  co3;i;aHHe  PKK  h  npoBCBieHHe  nycKOB  PH. 

OcHOBHbie  HanpaBJlCHHH  HCn0JIb30BaHHfl 

AnajiHS  B03M0XCH0CxeH  KOUBepcHOHHbix  PH  (no  aneprexHKe,  raSapHxaM 
nojie3Horo  rpyaa,  HaB;e>KHOcxH,  cpoxaM  SKcnnyaxaunH,  pacnojiaraeMOMy  kojih- 
qecxBy  paxex  h  x.n.)  noxasan,  nxo  HcnojibsoBaHHC  bxhx  paxex,  h  b  nepByio  one- 
peB;b  PH  “^Henp”,  no3BoirHx  Bbinommxb  Bce  3aB;aBH  OeflepaJibHoii  kocmkhcckoh 
nporpaMMbi  Pocchh  no  BbiBe/^ennio  KA  jiexKoro  loiacca,  a  xaxxce  npoBOflHXb 
KOMMepnecKHe  aanycKH  sapySexcHbix  KA. 

HanGojiee  nepcncKXHBHO  HcnojibsoBaHiie  KOHBepcnoHHbix  paxex  b  cncxe- 
Max  HH3KOOp6HXaJibHOH  CBS3H,  flHCXaHnHOHHOFO  SOHflHpOBaHHfl  ScMBH*  MeXCO- 
POJIOFHH  H  HaBHraD;HH,  KBK  y  HBC  B  CTpBHe,  XBK  H  33  pyScXCOM.  B03M0X(H0  lUHpO- 
Koe  npHMeneHHe  bxhx  paxex  jijisi  npOBeB;eHHB  naynHbix  SKcnepHMenxoB  b  kocmocc 
(KOCMHBecKaji  xexHOJiOFHfl,  KsyneHne  KocMHnecKOro  npocxpancxsa  n  flp.).  SaaBKH 
Ha  npOBeneHHe  nycKOB  b  bxhx  pejiax  nocxynaiox  ox  Pocchhckoh  axaAeMHH  Hayx, 
pasjiHHHbix  poccHHCKHX  H  3apy6e>KHbix  (j[)HpM.  BoBbinOH  HHxepec  npencxaBBjnox 
npoexxbi  HcnojibSOBaHiia  SajuiHCXHHecKHX  paxex  cosAattna  Fiio6ajibHbix  cn- 
cxcM  onepaXHBHOH  noMomn  xepnamnM  6eB;cxBHe  b  oxeane,  cncxeM  6opb6bi  c 
xponHMCClcHMH  pHXJioHaMH  H  Apyme. 

PeajiH3auHa  MHoroHHCjieHHbix  npoexxoB  cosAaHHB  KA  nerxoxo  n 
cBepxnerxoFO  xjiaccoB  ;i;acx  bosmoxchocxb  nafixH  cboio  HHUiy  npaxxnnecxH  xaxc- 
b;oh  h3  npeB;naFaeMbix  paxex. 

OcHOBHbiMH  CB;epxcHBaioLpHMH  45axxopaMH  no  co3flaHHK)  n  ncnonbaosa- 
HHiO  XOHBepCHOHHbIX  paXCX  HBOTeXCB  OXCyXQXBHe  Heo6xOB;HMbIX  4>HHaHCOBbIX 
cpeflcxB  H  nperpaflbi  3apy6excHbix  paxexHbix  ^^npM  npOHHXHOBeHHio  oxHOCHxejib- 
HO  Aeuiesbix  cpe^cxB  BbiBeB;eHHfl:  fia  MexcB;yHapofl;HbiH  xocMHnecxHH  pbiHOx.  O;];- 
HHM  H3  nyxen  pemenna  axon  3aAaHH  BBnaexcx  cosAanne  coBMecxHbix  npeAnpua- 
XHH,  HJIH  3axjiK)HeKHe  coFJiameHHH  c  3apy6excHbiMH  4)HpMaMH,  b  xoxopbix  hho- 
cxpaHHaB  cxopona  Gy^ex  o6ecneHHBaxb  HHBecxHpOBanne  npoexxa  n  MapxexHHx 
paxex-HOCHxejieM  na  3apy6exHOM  pbiHxe.  9xox  nyxb  n  peajiHsyexcH  cennac  npn 
cosAaHHH  XOHBepCHOHHbIX  paxex, 

TaxHM  o6pa30M,  b  cyuiecxByioinHH  nepexoAHbiH  nepHOA  (|)opMHpOBaHHH 

pOCCHHCXOH  CHCTCMbl  XOGMHXeCXHX  CpCACXB  BblBCACHHa,  XOFAa  B  yCJIOBHHX  OFpa- 
HKHCHHOFO  {|)HHaHCHpoBaHHH  co3AaHHe  HOBOH  paxexbi-HOCHXejM  BcxxoFO  xnacca 
oKHAaexca  He  panee  2007-2010  r.r.,  a  Bbinycx  cxapbix  JierxHx  paxex-HocHxejieii 
yxce  npexpatneH,  bbixoa  h3  coaAaBmerocB  nojioxceHHK  bobmoxcch  nyxen  nepeoSo- 
pyAOBaHHB  b  PH  6ajiJiHCXHHecxHx  paxex,  CHHMaeMbix  c  BOOpyxceHHA. 
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MOHCTpai^HOHHibiH  nycK  npoTorana  PH  “^[(HeiTp”.  C  1999  r.  luiaHupyeTCH  Haqaxb 
KOMMepnecKne  nyCKH  paKeTw. 

JIjn  peanHsapHH  npoeicxa  “/^Henp”  cos^aHa  Me^AyHapo^aa  KocMHqe- 
CKaa  KOMnaHHH  “KocMOxpac”  (b  Hee  Bxo/tax  FKE  “10>KHoe”,  HO 
“lOjKMamsaBOA”,  AO  “Xapxpon”,  PocoSipeMam,  ACKOH^,  HHHHMaiu  h  pp.) 
B  CoraacoBaHHOM  SaaBJieHHH  HpeanpeHxoB  Pocchb:  h  YKpaHHbi  ox  3 1. 05.97  r. 
coapaHHe  KOMmieKca  “^nenp”  onpepeJieHO  KaK  npHopHxexpaa  aapaqa. 

FK  HHli;  HM.  M.B.  XpyHHpeBa  pa3pa6oxaHa  PH  “Pokot”,  HCnoPtayioipaa 
6pok  ycKopHxejia  MBP  PC- 18  a  pasroHHbiii  5noK  (PB)  “Bpaa”.  CxapxoBaa  waCca 
paKexbi  - 107  X,  Macqa  nopesHoii  HarpysKH  na  hhskoh  op6Hxe  -  po  1,9  x.  B  1994  r. 
M3  lliny  KOCMoppoMa  BailKOHyp  npoBepep  nepBbiS  ycneiiiHbiH  nycK  axofi  PH  c 
BbiBepeHHeM  na  oKOJioaeMHyio  opSnxy  cnyxHHKa  cBaaa,  C  1999  r,  npaHHpyexca 
npoBopHxb  nycKH  PH  “Pokox”  c  KOCHOppoMa  Hjiecepx  h3  riaa^MHog  nepeodopy- 
pOBaHHOH  ny  PH  “Kocmoc”, 

HHO  MamHHocxpoeHHa  noproxoBJieM  npoexx  PH  “Cxp,6Pa”  na  Saae  MBP 
PC- 1 8  (cxapxoBaa  Macca  -  105  x,  nopeanaa  Marpyaxa  -  po  1,7  x)*  HepBbig  nycK 
npepnoparaexcH  b  1999  r.  c  KocMoppowa  BaaKOHyp. 

HTH  “KoMnneKc-MHT”  (MockobckhH  aacxaxyx  xenpoxexaaica)  paapa- 
Soxaao  ceMeacxBO  xpaacnopxaSepbHbix  PH  “Cxapx”,  acaojibayioipMx  xexaopo- 
raa  a  apeMeaxbi  nopBa»:Horo  PK  PC-12M  (nopeanaa  aarpyaKa  PH  “Cxapx-1”  - 
po  0,6  X,  cxapxoBaa  wacca  -  47  x),  PH  *‘Cxapx”  -  cooxBexcxseHHO  0,9  x  a  60  x.  B 
1993  r.  npoBepea  nepBuS  nycx  PH  “Cxapx-1”  (ycneuiHUH),  b  1995  r.  -  PH 
“Cxapx”  (aBapHHHbiii).  HycKH:  npoBepeaw  c  HaaeMHbix  HY  KOCMoppOMa  Hpe- 
cepK.  B  1997  r.  choboxo  KocMoppoMa  CBo6opHbiH  nposepeHO  psa  KOMMepqecKHX 
nycKa  PH  “Cxapx-1”. 

KB  “lOxcHoe  noproxoBPerio  npeppojKeaae  no  ncnopbaoBamno  xseppoxon- 
PHBHOM  MBP  PC-22  .pPH  aanycKa  KA  Maccog  p;o  1,5  x,  Hycxa  Mo:acHO  npOBOpaxb 
aa  Ujny  KOCMoppoMa  Hpecepic,  apa  c  xcepe3Hopopo:»:HoiM  npax(|)opMbi. 

FPH  “KB  MM.  axapeMaKa  B.H,  MaKeesa”  pa3pa6oxaHo  aeCKOPbKO  npoex- 
xoB  PH  aa  6a3e  BPHJI. 

OpHMM  H3  xaKiMx  npocKTOB  HBPpexcP  KOMnpeKc  “lUxHPfa”,  paapaSaxbiBae- 
MbiH  aa  6a3e  BPHJI  PCM-54  (cxapxoBaa  Macca  paKexw  okopo  40  x). 

HepBbia  axan  pa3pa6oxKH  -  PH  “IllxaPb-l”.  B  axoM  Bapaaaxe  nopeaaaa 
aarpyaxa  (mbccoh  po  100  xr)  paaMeipadxca  b  luxaxaoM  oxcexe,  nycKa  paxexbi 
ocyipecxBpaioxca  c  nopBopaoH  popxa  xana  “,a,ePb4)MH”.  B  aiope  1998  r.  c 
nopBopaoa  popxa  ycnemao  nponaBepea  nepBbia  nycx  PH  ‘'lUxaPB-l”  c 
BbiBepeaaeM  aa  oxopoaeMayioio  op6Hxy  HeMepxoro  Maporo  cnyxaaxa. 

Ha  BXopOM  axane  (PH  “lIIxMPb-2“)  npOBopaxca  popaOoxxa  paxeXbi  b 
aacxH  yBepaaeaHH  oxcexa  nopeaaog  aarpyaxa  a  ycxaaoBxa  (npa  Beo6xopaMocxB) 
ponOPaaxePbBOH  paaroaaoa  cxyiieaa.  Macca  nopeaaoro  rpyaa  PH  “IIIxHPb-2” 
Boapacxex  po  350  xr.  Hycxa  PH  “IIIxHPb-2”  Moryx  npoBopaxbca  c  Haaewaoro 
cxapxoBoro  xownpxca. 

Hpoexxbi  PH  “HpaSoa”  a  “IIIxHPb-3”  b  aBaanHoaaoM  (“AapoxocMoc”)  a 
HaacMBOM  (“CcBepxocMoc”)  Bapaaaxax  o6papaiox  cyipecxB&HHO  6opbinHMH 
aaeprexaqecxBMH  BoaMoxHocxaMH,  hcm  PH  “IHxaPb-l”.  Oaa  bmciot  cxapxoByio 
waccy  po  104  x  (“HpaSoa”)  a  oxopo  45  x  (“IIIxapb-3”).  3xa  PH  cnoco6BH  po- 
cxaBPHXb  aa  aaaxae  op6axbi  KA  waccog:  po  2,4  x  (“HpaGog”),  po  0,95  x 
(“AapoKOCMOc”),  po  0,4  x  (“CcBepxocMOC”).  B  axax  npoexxax  poppcBbi  acnopb- 
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This  paper  addresses  the  possibilities  of  implementation  and  prospects  of 
utilization  analysis  to  be  destruction  ground  and  sea-based  ballistic  missiles  for 
small  satellites  launching.  It  is  stated  that  in  existing  conditions  of  space  programs 
limited  funding  relatively  low-cost  conversion  Launch  Vehicles  (LV) 
utilization  will  promote  practical  implementation  of  new  space  technologies  and 
based  on  small  spacecrafts  (S/C)  satellite  systems  development. 


State  of  Conversion  Launch  Vehicles  Development  and  Production 

Nowadays  a  large  scale  strategic  weapons  limitation  is  being  performed.  Most 
of  the  missiles  were  destroyed  already,  yet  during  the  nearest  10  years  it  is 
necessary  to  remove  more  than  1000  ground  and  sea-based  missiles  from  service. 
Destruction  of  such  quantity  of  missiles  is  an  expensive  and  ecologically 
dangerous  procedure.  At  the  same  time  agreements  on  startegic  offensive  weapons 
allow  possibility  of  military  missiles  utilization  as  space  objects  launched  for  peace 
purposes.  There  are  some  RF  Government  decisions  on  this  item.  “The  Federal 
target  program  of  weapons  and  military  technics  industrial  utilization  up  to 
2000th  year”  was  approved.  In  this  program  also  provisioned  the  works  on 
reequipping  of  Intercontinental  Ballistic  Missile  (ICBM)  and  Submarine-Lauched 
Ballistic  Missile  (SLBM)  into  LVs  for  S/C. 

Branch  design  bureaus,  scientific-research  institutes  and  TsNIIMash  have 
executed  appropriate  design  investigations  and  demonstrated  technical  possibility 
and  economical  expediency  of  the  great  portion  of  removed  from  service  missiles 
using  for  new  purposes.  Simultaneousily  it  solves  the  task  of  their  liquidation  with 
the  help  of  launching.  The  figure  1  shows  the  basic  designs  of  conversion  LVs. 

The  “Dnepr”  LV  developed  on  the  base  of  SS- 18  ICBM  has  the  maximum 
power  performance.  Even  practically  in  the  baseline  option  this  missile  with 
launch  weight  about  210t  can  place  into  Low  Earth  Orbit  (LEO)  payload  with 
weight  up  to  4,5t.  By  this  the  missiles  upgrading  will  include  control  system 
algorythm  modification,  electrical  connections  with  spacecraft  providing, 
telemet^  systems  installing  and  producing  of  new  frame  for  S/C  mounting  and 
separating.  Utilization  of  additional  upper  stage  with  “Dnepr”  missile  will  allow 
to  place  into  LEO  more  5t  of  payload  or  essentially  to  raise  orbit  height  (up  to 
flights  to  the  nearest  planets).  The  “Dnepr”  LV  prototype  was  launched 
succesfully  for  demonstration  purpose  from  Baikonur  cosmodrome  in  April  1998. 
It  is  planned  to  begin  missiles  commercial  launchings  in  1999. 

For  “Dnepr”  project  realization  the  “Kosmotras”  Intenlational  Space 
Company  (ISC)  (including  State  Design  Bureau  “Yuzhnoe”,  Production 
Association  “Yuzhmashzavod”,  Stock  Company  “Khartron”,  Rosobschemash, 
ASCOND,  TsNIIMash  and  oth.)  was  established.  The  complex  “Dnepr”  creation 
was  defined  as  priority  task  in  joint  statement  of  Russia  and  Ukraine  presidents 
31.05.97. 

Khrpnichev  State  Research  and .  Production  Space  Center  (Kh  SRPSC) 
developed  the  LV  “Rokot”  which  used  booster  from  SS^  19  ICBM  and  “Breeze” 
^per  stage.  Weight  at  launching  is  107t,  payload  weight  at  LEO —  up  to  l,9t. 
First  successful  launching  of  this  missile  was  executed  from  Baikonur  cosmodrome 
silo-launcher  with  placing  into  orbit  communication  satellite  in  1994.  It  is  planned 
to  start  LVs  “Rokot”  launchings  from  upgraded  ground  “Cosmos”  launcher  of 
Plesetsk  cosmodrome  since  1999. 
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Scientific-Production  Machine  Building  Association  (NPO  Mashinostroenia) 
prepared  the  «Strela»  LV  project  on  SS-19  ICBM  base  (launch  weight  is  105t,  payload 
weight —  up  to  l,7t).  The  first  launching  is  planned  in  1999  from  Baikonur 
cosmodrome. 

Scientific  and  Technological  Center  (STC)  «Complex-MIT»  (Moscow  Institute  of 
Heat  Engineering)  developed  transportable  LVs  family  using  elements  and  technologies 
of  transportable  SS-25  missile  complex  (launch  weight —  47t,  «Start-l»  LV  payload 
weight  —  up  to  0,6t),  «Start»  LV  —  60t  and  0,9t  accordingly.  The  first  launching  of 
«Start-l»LV  was  executed  in  1993  (succesful),  «Start»  LV  launching  —  in  1995 
(emergency).  Launchings  were  executed  from  the  gromid  launchers  of  Plesetsk 
cosmodrome.  Two  commercial  launchings  of  «Start-l»  LV  were  executed  from 
«Svobodny»  cosmodrome  in  1997. 

The  «Yu2hnoe»  Design  Bureau  prepared  the  proposal  on  the  use  of  solid-propellant 
SS-24  ICBM  for  S/C  with  weight  up  tp  l,5t  launching.  It  is  possible  to  execute 
launchings  from  Plesetsk  cosmodrome  silo  or  from  platform. 

The  State  Rocket  Center  Makeyev  Design  Bureau  developed  some  LVs  projects  on 
base  SLBMs. 

One  from  these  projects  is  «Shtil»  complex  developed  on  the  base  of  SS-N- 
23  SLBM  (missile  launch  weight  is  about  40t). 

The  first  phase  of  development  is  «Shtil-l»  LV.  In  this  option  the  payload  (weight 
up  to  100kg)  is  accomodated  in  existing  compartment,  launohings  are  executed  from 
«Dolphin»  t>^e  submarine.  The  «Shtil-l»  LV  first  successful  launching  with  small 
German  satellite  placing  into  LEO  was  executed  from  submarine  in  July  1998. 

During  the  second  phase  («Shtil-2»  LV)  missile  upgrading  for  payload 
compartment  increasing  and  additional  upper  stage  installing  (if  it  is  necessary)  are 
being  executed.  The  payload  weight  of  «Shtil-2»  LV  will  be  increased  up  to  350kg.  LV 
launchings  will  be  executed  from  the  ground  launcher. 

«Priboy»  and  «Shtil-3»  LV  projects  in  aviation  («Aerokosmoc»)  and  ground 
(«Severkosmos»)  verisons  have  essentially  larger  power  possibilities  than  «Shtil-l» 
LV.  They  have  launch  weight  up  to  104t  («Priboy»)  and  45t  («Shtil-3»).  These  LVs  can 
place  into  LEO  S/C  with  next  weights:  up  to  2,4t  («Priboy»),  up  to  0,95t 
(«Aerokosmos»),  up  to  0,4t  («Severkosmos»).  In  these  projects  SS-N-20  and  SS-N- 
23  missiles  technologies  and  elements  must  be  used,  it  is  planned  to  realize  the  new 
methods  of  basing  and  launching  (ship,  aircraft). 

«Volna»  LV  developed  on  the  base  of  SS-N-18  SLBM  (launch  weight  about  34t)  is 
used  first  of  all  for  launchings  into  ballistic  trajectories  for  matherial  producing 
technologies  experimental  development  in  short-term  microgravity  environment  and 
other  investigations.  It  can  consider  the  launching  of  the  «Volna»  LV  with 
termoconvection  module  executed  by  Bremen  imiversity  (Germany)  in  1995  as  start  of 
conversion  SLBM  commercial  utilization. 

Using  in  conversion  missiles  early  developed  and  produced  hardware  predefines 
essentially  less  expences  on  space  rocket  complexes  development  and  launchings. 


Utilization  basic  directions 


Analysis  of  conversion  LVs  possibilities  (power,  payload  diniensions,  reliability, 
working  life,  disposed  missiles  quantity,  etc.)  showed  that  these  missiles  and  «Dnepr» 
LV  first  of  all  would  allow  to  execute  all  the  tasks  of  RF  Federal  Space  Program  on 
light-weight  S/C  launching,  and  foreign  S/C  commercial  launchings. 

It  is  the  most  perspective  to  use  conversion  missiles  in  low-orbit  satellite 
communications  systems,  for  Earth  remote  probing,  meteorology  and  navigation  in  our 
country  and  abroad.  It  is  possible  to  use  these  missiles  for  scientific  experiments 
excuted  in  space  (space  technology,  space  investigations  etc.).  Requests  on  launchings 
with  these  purposes  were  received  from  Russian  Academy  of  Sciences,  various 
Russian  and  foreign  companies.  The  projects  of  ballistic  missiles  usage  for  global 
systems  development,  for  operative  help  in  sea  catastrophes,  for  tropical  cyclones 
warning  etc.  are  very  interesting. 
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^  Implementation  of  light-weight  and  super-light-weight  S/Cs  numerous  projects  will 
give  possibility  to  find  own  place  practically  for  each  from  proposed  missiles. 

Basic  restraining  factors  on  conversion  missiles  development  and  utilization  are 
absence  of  necessary  investments  and  foreign  companies  obstacles  for  relatively  cheap 
LVs  penetration  at  international  space  market.  One  of  the  ways  of  this  task  decision  is 
establishing  of  joint  enterprises  or  concluding  of  agreements  with  foreign  companies,  in 
which  foreign  partner  will  provide  project  investing  and  LVs  marketing  on  foreign 
market.  This  way  is  being  realized  in  conversion  missiles  development  now. 

Thus  during  current  transitional  period  of  forming  of  Russian  system  space 
launching  facilities  when  in  conditions  of  limited  financing  the  development  of  a  new 
light-weight  LV  is  considered  not  earlier  than  2007 — ^2010  and  old  light-weight  LVs 
production  was  ceased,  exit  from  existing  state  is  possible  by  means  of  reequipping  into 
LVs  removed  fi-om  service  ballistic  missiles. 
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JIErKHE  PAK.ETLI-HOCHTEJIH  HA  BA3E 
BAJIJIHCTHHECKHX  PAKET,  CHHMAEMbIX  C  BOOPy^KEHPHI. 
HEPCnEKTHEbl  POCCMHCKOPO  H  YKEAHHCKOrO  COTPyj[iHHHECTBA 
C.H.  Kohioxob,  IOA.CMeTaHHH,  O.H.  iI,po6axHH 
(TKB  “lOxHoe”  HM.M.K.BHrejw,  r.B,HenponeTpoBCK) 

OcHOBHBie  npe;i;noci>uiKH  jijifi  HcnojibaoMHHa  paKex  PC-20. 

B  HacTOf(meM  /loiioia^e  paccMorpeHbi  ochobhwc  ocoBchhocth  coaflaroiH  paKerbi- 
HocHTejiH  “B,Henp”  am  aanycKa  kocmhhcckhx  o&beKTOB  b  mhphbix  ii;ejwx  na  Base 
SajuiHCTHMecKHX  paKCT  PC-20,  CHHMaeMbix  c  Boesoro  flexypcTBa. 

floroBopoM  o  coKpauieHHH  H  orpaHHHeHHH  CTpaTenpiecKHX  HacTynaTejibHbix 
BoopyxeHHH  npeaycMOTpeHo  cHarHc  c  SoeBoro  aexypcTBa  h  yHHraxoxeHHe  okojio  300 
MBP  PC-20.  JlwKBHfaauHa  paKex  nyxcM  yHiPiToxceHHa  -  flocxaxoB[HO  aoporocxoamaa 
npoiie/iypa  no  .aeMonxajKy  li,  coBcxsenno,  ymiqxoJKeHHK)  paKex  (250  MJin.pyB  na 
paKexy).BMecxe  c  xeM,  ^loroBopoM  paapemaexca  ncnojibaoBaHne  paKex  PC-20,  chhxbix 
c  BH,  wia  “aocxaBKH  oSteKroB  b  Bepxnne  cjioh  axMoc4)epH  hjih  b  kocmoc”.  (Cxaxba 
IV,  n.4.8  CTAPT-1;  Craxta  II,  n.6  CHB-2).  TexmiaecKHe  BoaMoacHocxn  MBP  PC-20 
no3BOjwiox; 

-  c  BMCOKOH  cxeneHbio  HaaexHocxn  (0.97)  oBecneanxb  BbiBe^jemie  na 
OKoaoacMHbie  KpyroBbie  h  ojuiHnxHMecKHe  opBnxbi  KocMHaecKHx  arraapaxoB  secoM 
3... 4  xohhm; 

-  Hcnoab30Baxb  HMciomyroca  aony  am  pasMeineHna  noaeanoro  rpysa  o&beMOM 

21m^; 

-  HenojibxoBaxb  fljia  aanycKa  KA  HMeiomHeca  k  HacxoameMy  BpeMCHH  Bojiee  200 
paKex; 

-  HcnojibxoBaxb  cymecxByioiijyK)  HH(J)pacxpyKiypy  KOMiuieKca  PC-20  na 
KOCMoapoMe  BaHKOH5'p  (ny,  KH,  Til,  JuaMepnxeabHbra  KOMnneKC,  nooBiCKHoe 
xexHojioFHHecKoe  oSopynoBaHHe. 

PaBoxbi  no  coa^iannio  KOMruieKca  "ilHenp”  npoBojxaxca  b  cooxBexcxBHH  c 
IlocTaHOBjieHHeM  IlpaBHxejibcxBa  P^  ox  22.10.  92r.  N2820,  ox  25.05.94r.  M2548  n 
onpe;iejieHH  b  CorjiacoBaHHOM  3aHBjieHHH  npeamteHXOB  Pocchh  h  yKpanHbi  ox 
31.05  97r.  KaK  iipHopHxexHaa  aaaaaa.  BbinoaneHne  xaKon  paBoxbi  xpeSyex  HaaexHoro 
H  xecHoro  coipyaHHaecxsa;  MnnoBoponw  P0,  cneimajiHBHpoBaHHbix  KB,  HHH  h 
aaBOflOB.  B  SjiHacaHiueM  SyaymeM  aia  paOoxa  hbhxcb  ochoboh  fleaxejibHocxH 
MejKaynapoaHOM  KocMnaecKon  KOMnannH  “KocMoxpac",  coa/iaBaeMon  npeanpHaxna- 


MH  POCCHH  H  VKpaHHBI. 

OcHOBHBie  HanpaBJieHHH  pa6oT  no  coaflaHHK)  PKK  “^nenp” 

IlpoBeBieHHbie  PKB  “lOiKHoe”,  AO  “AcKoiia”,  “KocMH*iecKaB  HH/iycTpiia’'  h 
^ipyrHMH  opraHHsanHBMH  paBoTBi  no  Hcc.rie/|OBaHHK)  bo3mojkhocth  HcnojibaoBaHinr 
paKeT  PC-20  b  KaqecTBe  paKeT-HocHxejieii  jum  aanycKa  KA  noKaaajiH,  hto  raKon 
noOTOB  nosBOjiHT  o6ecneHHTb  pemeHne  pB;];a  HapoflHoxoaHHcxBeHHbix  n  cnennajibebix 
3ajiaH  npH  SHa^HTejibHOH  3KOHonmn  MaxepnajibHbix  cpe/i;cxB  (op6HTajibHaa  CBaab, 
;XHcxanij,HOHHoe  aonznipoBamie  SeMJin,  KocMmecKaa  xexHOJiorHB,  OKOJioraqecKHH 
MOHHTopHHT  SeMjiH,  cHcxeMa  SKcxpeHHOH  HOMOinH  noxepncBiiJHM  SenCXBHe  H  flp.)- 
HccjiezioBaHHH  npoBeaenbi  npHMenHxejibHo  k  cjrejiyionmM  HanpaBJietmHM 
Hcnojib30BaHHB  paKexbi  PC-20: 

-  c  npHMeH6HHeM  mxaxHOH  paaroHHon  cxynenn  jum  aanycKa  KA  xiuia 
“TeJieflecHK",  ‘TjioCajicxap’',  “HpM/niyM"  h;  jip.; 

c  npHMeneHHeM  oxijaGoxaHHon  paaroHHon  cxynenH  paKexbi-HocHxejia 
“IXhkjioh”  c  nejibio  noBbimeninr  3Heprerm[ecKHX  BoaMoacHocxeH  h  pacninpejinH 
nnanaaoHa  bmcox  BbiBeaennH  KA. 

JX-iB  Ka>Kaoro  HanpaBaenna  npHHaxw  ocnoBHbie  npHHnnnbi  paapaGoncn: 

-  MaKCHMajTbHoe  HcnojibaoBaHne  panee  coanaHHbix  n  oxpaOoxaHHbix  chcxcm  h 
arperaxoB; 

-  peajiHaanHH  oxpaOoxaHHon  xexHojiornii  pa6ox  npii  chhxhh  h  noc.ae  CHirruB 
paKex  c  OoeBoro  .aexypcxsa  c  yronHenneM  b  hbcxh  ocHameHHH  paKexbi  KA; 

-  HcnojibaoBanne  xpacc  nojiexa  c  BbmejieHHMMH  panonaMH  ajm  naflenuK 
oxaea^HBiunxcH  Macxcn  paxexbi; 

-  oSecneqeHHe  npaema  h  oSpaGoxKa  xejieMexpHnecKOH  HHcJwpMannH  c  6opxa 
paKexbi-HocHxejia  n  KA  cyii;eci'ByK>iunMi[  H3MepHxe;ibHbiMH  KOMnjieKcaMH. 

BaanpoBaHHe  KocMnqecKoro  paKexHoro  KOMroieKca  “JUnenp”  npe/iycMaxpHBaexcB: 
Ha  KocMonpoMe  EanKOHj^  c  HcnojibsoBaHHCM  HMeiomeficH  HH4)pacxpyKrypH 
KOMTUICKCa  PC- 20. 

PH  “/l,H6np”  CO  ujxaxHOH  paaroHHon  ciyncHbio” 

PaKexa-HocHxejib  co  mxaxHOn  paaroHHOH  cxyncHbio  paKexbi  PC-20  Mo:*:ex 
oOecneHHXb  aanycK  KA  xnna  “Tejie/iecHK”,  “FjroOajicxap”,  “HpmniyM”  h  ^p.  na 
KpyroBbie  opSnxbi  Bwcoxon  700  -  900  km.  KA  c  npocxaBKoii  bmccxo  Oocboh  BH  npH 
noMomn  sHOBb  naroxoBJicHHOH  paMW  ycxaHaBjinBaexcK  Ha  Kopnyc  paaroHHon 


cTyneHH.  Samma  KA  cyr  Ha6eraK)mero  aapoffHHaMHHecKoro  norp^  o6ecnetiHBaeTCJi 
nnaTHbiM  roJioBHbiM  aLspoAHHaMmecKHM  oSreKaTejieM,  Koropbiii  ycxaHaBnHBaexca  Ha 
nepexoffHHK  o&reKaxejm.  B  KaqecxBc  nepexo^HHKa  npHMeHaexca  BHOBb 
paapaGoxaHHbiH  iHi™pi«ecKHH  otcck  (L=2080  mm),  «onoaHHre;ibHO 
BHnojiHHwmHH  aamr^Tbi  KA  ox  raaoflHHaMiwecKoro  BoaaeHcxBHH  c^axejia 

npH  pa6<yre  AV  paaronHoft  cxyneHH.  BHyxpeHHHe  o^beMW  nofl  oSxeKaxejieM  h 
nepexoflHHKOM  o&reKaxcM  o6pa3yiar  30Hy  nojiexHoro  rpyaa.  B  cjiy^ae 
Heo6xo«HMocTH  30Ha  Moxex  6bm.  yBejimena  3a  cnex  ynjiHHeHHH  muiHHSpnqecKOH 
HacTH  nepexoflHHKa  (eanpHMep,  ajw  KA  “TejieAecHK”  AL  =r  1420  mm). 

flBHraxeAH  Bcex  cxyneHeft  paxexbi  PC-20  HcnoAbsyioxcH  663  Aopa6oxoK.  CHCxeMa 
ynpaBJieHHH  paKcxbi-HOCHxejw  -  mxaxHaa,  Aopa6oxaHHaH  b  hbcth  nporpaMMHo- 
MaxeMaxHHecKoro  o6ecneHeHi«i[,  sAeKxpiwecKOH  cb«3K  KA  c  Ha3eMHOH  npoBepoHHO- 
nycKOBoii  araiapaxypoft,  bboab  cjiyxeOHbix  kombha  b  KA  b  nponecce  npeAcxapxoBOH 
noAJToxoBKii  H  noAcxa. 

Cxapx  PH,  pasAeAeHHe  cxyneHejH,  oxACJicHHe  KA  ox  paaroHHOH  cxyneHH 

npOH3BOAHXCH  IlO  CXCMC,  npHHUXOH  AHB  PC-20. 

PaKexa-HocHxejib  “ZlHenp”  co  mxaxHOH  paaroHHott  ciyneHbio  oOecneAHBaex 
BbiBeAeHHe  na  KpyroBwe  op6HXbi  bhcoxoh  250-900  km,  HaKAOHCHHeM  46“  KA  bccom 
4000-400  KT  COOXBeXCXBCHHO. 

PaKexa-HOCHxeAb  c  paaroHHOH  cxyneHbio  PH  “Hhkjioh” 

Jim  paciiiHpeHHH  AHanaaoHa  Bbicox  BbiBeACHUH  KA  paKexoH-HOCHxeAeM,  no 
cpaBHeHHK)  c  PH  CO  uixaxHOH  paaroHHOH  cxyneHbio,  paccMOXpena  paKexa-HocHxeAfa  c 
oxpa6oTaHHOH  paaroHHOH  cxyneHbio  hochxcm  “Hhkaoh”.  B  abkhoh  MOAH(i)HKanHH 
npH  nepeo6opyAOBaHHH  paKexbi  PC-20  b  paKexy-HOCHieAb  SoeBaa  paxexa  aaMeimexcH 
Ha  KocMHHecKyio  n,  cocTOHinyio  H3  paaroHHOH  cxyneHH  C5M  c  KOCMHaecKHM 
annapaxoM,  roAOBHoro  aapoAHHaMiwecKoro  o6reKaxeA5i  h  nepexoAHoro  oxceica  hoboh 
pa3pa6oTKH. 

OrceK  cHcxeMbi  paaBeAenaa  paKexbi  PC-20  nepeo6opyAyexca  b  npHOopHbiH 
orceK,  npH  otom  c  Hero  AeMonrapyioxca  ABHraxeAb,  xiurasHbie  6aKH  h 
ycxanaBAHBaexca  cHcxeMa  xeAeMexpHaecicHX  H3MepeHHft  h  Aopadaxbmaexca  CHCxeMa 
ynpaBJieinia. 

Ha  npHOopHbiH  oxceK  ycxanaBAHBaexca  KOCMHaecKaa  roAosnaa  aacxb  (KTH). 
Hepsaa  h  Bxopaa  cxyneHH  paKexbi  PC-20  He  AOpa6axbiBaK>xca. 

HpH  BbiBeAeHHH  KA  ynpaBACHHe  Ha  yaacxKe  noAexa  nepBoii  h  Bxopoii  cxyneHcft 


ocymecTRJiaexcH  armapaxypoH  CHcxeMH  ynpaBJicHKH  paKexbi  PC-20,  a  Ha  y^acTKe 
nojiexa  paaronHoft  cxyiienH  -  annapa';rypoH  aBTOHOMHOH  CHcxeMH  ynpaBJieHHH 
paaroHHOH  cxyneHH  C5M,  /],opa6OTKa  CHcxeMW  ynpaiuieHUH  paKex  PC-20 
ocymecxanriieTca  b  luiane  oOecneqeHJM:  hoboh  nporpaMMBi  nojiexa  paKeTbi-HocHxejDi, 
Bbwa’XH  HeoOxoflHMBix  KOMana  xr  HH4)opMauHH  Ha  KTH  h  aaiionoHaeTCH  b  flopa6oTKe 
nporpaMMHo-MaxeMaxHBecKoro  oOecneHCHHH,  oxflejibHHX  npHOopoB  h  Ka6e;ibHOH 
cexH.  JJjisi  yBH3KH  c  PH  paaroHHaa  cxjoieHb  C5M  jaopaOaxbiBaexcH  b  nacxH  BBeaeraw 
npHOopa  c  nporpawMarviH  BbiBeB,eHHH  ;KA,  cbh3H  c  CY  HocHxejiH,  naMeHCHHii  cxeMW 
(yraejicHUB  cxyneHH  or  hochxctih  h  ysHSKH  c  HaaeMHWM  npoBepo^Ho-nycKOBbiM 
3,xeKrpoo6opyflOBaHHeM. 

CxeMbi  cxapxa,  sanycxa  flBHraxejieft  h  paaaejieHHH  cxyneHeH  cooxBexcxByKyr 
peajiH30BaHHbiM  Ha  mxaxHOH  paxexe  PC-20. 

PaKexa-HocHxejib  c  paaroHHOH  ciyncHbKi  C5M  oOecnenHBaex  cjicByioiinie 
3HeprexHHecKHe  xapaKxepHCXHKH  (jxsm  xapaicrepHbDc  opOnx): 


Bbicoxa  KpyroBOH  opOHXbi,  km 

250 

1700 

HaioioHeHHe  opOHXbi,  rpaa 

65 

98 

65 

98 

Bee  noaeBHoro  rpysa,  kt 

4000 

3500 

2800 

2000 

CxapXOBblH  H  XeXHHHeCKHH  KOMmieKCH 


/l^ooOopyHoBaHHe  cxapxoBoro  h  xexiXHHecKoro  KOMHJieKcoB  npejrycMaxpHBaexcK 
ocymecxB.imxb  no  pecypcocOeperaiomeH  xexHOJiorHH  c  MaKCHMajibHbiM 
Hcno.rTb30Ba.HHeM  cymecxBjToiHHx  yarroB  h  arperaxoB  ny,  KII,  cymecxByroiHHX 
coopyxceHHH,  .xhhhh  cbbbh,  KOMMyHHKaHHH  H  x.n.,  npHMeHHBniHXCH  panee  /uw 
oxpaOoxKH  MBP  PC-20. 

Ho  peayjxbxaxaM  peKoraocuHpoBOHHbix  paOoT  I996r.  (aicr  ox  18.04.96r.),  hcxo^ 
H3  MHHHMajibHbix  o6x>eMOB  flopaOoxoK,  HaH6o.riee  HejrecooOparjHo  HCuojibaoBaHHe  ITY 
miomanoK  109,  106  h  103.  B  KanecxBe  KH  jxjih  npoBeflCHHH  nycKOB  PH  ne.xecoo6pa3- 
Ho  HcnojibsoBaHHe  cymecxsyiomero  HaaeMHoro  KJI,  pacnojioxceHHoro  Ha  mi.  111/2  h 
oOecneBHBaromero  npoaeaeKHe  nycKOB  paKex  PC-20. 

ny  njT.103,  109  H  KOMannHWH  nyHKX  aopaSaxwEaioxcH  b  luiaHe  oOecneHCHHa 
pa6oxocnoco6HocxH  nixaxHoro  KOMHJieKca  ^Eyx  MOflH4)H.KaimH.  /topaSoxKe,  b 
ocHOBHOM,  nofl3:exafr  HY  mi.  106,  BBeaeHHaa  b  sKcrniyaxaiiHio  b  1973  rofly,  H3 


;^opa6oTKa  aimapaxypH  CHcxeMW  ynpafiJieHHH; 

-  nepeo6opyD[OBaHHe  cxaproBoro  h  TexHH»recKoro  KOMiuieKcoB. 

CpoicH  a  araiTbi  pa6oT: 

-  pa3pa6oTKa  h  BbinycK  oprrexHOK]ynvieHTOB  Ha  cosiDiaHHe  KOMiuieKca,  Ha 
paapaSancy  floriojiHeHHH  k  311,  flonojiHCHiia  k  311,  na  KOHCTpyicropcKyio 
floiQfMeHTamiio  -  HexHpe  Ksapiajia; 

-  pa3pa6oTKa  KOHCTpyicropcKofi  AOKyMeHiaimn  -  flsa  KBaprajia; 

noATOTOBKa  npoH3BoacTBa,  HaroTOBJieHHC  MaxHacTH  H  HaacMHas 

3KcnepHMeHTajibHaB  OTpa6oTKa  -  asa  Keaprajia; 

-  nepeo6opyHOBaHHe  a6b6KT0B  KOCMO^poMa  (Be/ieTCH  napajuiejibHo  c  30)  -  OTa 
KBaprajia; 

-  flopa6oTKa  ^Byx  PH,  KOMiuieKCHwe  HcnMxaHHB  Ha  CK  -  oahh  KBapraji; 

-  npoBCfleHHe  jiexHMX  HcnbiraHKii  (sb&  Haaejina)  -  ozmH  KBapran. 

npH  npHHBTHH  peiucHHfl  o  co^aaHiiH  PKK  Ha  6a3e  paKeTM  PC-20,  no  mh^hhio 
ronoBHbix  paapaOoTHHKOB,  hmciotch  bcc  npe^nocbijiKH  win  saBepmemiH  pa6oT  nepea  ~ 
2.5  ro^ia  npH  HajiHMHH  4iMHaHCHpoBaHHH. 

npHHBTbie  npHHinmbi  coaaaHHB  KOMiuiCKca  “flHenp”  noaBOJiaror 
npornoanpoBaTb  cxoHMocTb  nycKa  aHaHurejibHo  HH>Ke,  *ieM  npH  HcnojibaoBaHKH 
BHOBb  HaroxaBJiHBaeMoro  HOCHTejw  (c  yneroM  HeoOxoAHMoro  o6beMa  .aopaOaroK  PC- 
20  H  BoccTaHOBHTCJibHiix  paOoT  Ha  cxapre).  OHHaHCHposaHHe  npoeicra  “jajHenp” 
njiaHHpyexcH,  b  ochobhom,  h3  BHe6ioA>iC6XHbix  hctohhhkob  (orniaxa  nycKOB 
aaicaa^iHKaMH,  aaeMHbie  cpe^icxBa,  HHBecTHiwH  ox  norcHiwajfibHbix  napxHepoB),  aa 
HCKjHOHeHHeM  orpaHHHeHHoro  6iOfl)KeTHoro  4>HHaHCHpOBaHMH  Ha  HanajibHOM  axane 
paOoxbi. 

Koonepamm  pa3pa6oTqHKOB 

B  PoccH^cKofi  <l>eAepal^iH  h  VicpaHHe  cymecrayer  KoonqKmHH  npcAiipHHTHH, 
opraHHaamna;  n  boUckobbix  Hacieft,  cogaaBiraix  h  aKcmiyaTHpyioiaHx  KOMmiexc  c 
MBP  PC-20  H  cnocoBnbix  ocymecxBHn.  npoeicr  “/^He^p”.  Jlflsi  ero  peajraaainiH  b 
cooxbcxctbhh  c  McMopaiviyMOM  PKA  h  HKAY  or  12.11.96r.  coanaercH  coBMecmoe 
poccHHCKO-yKpaHHCKoe  npesnpuaxHe  (CII)  “KocMoxpac”,  b  cocibb  Koroporo  Bxojxar; 

1.  Ox  PoccHH  -  PoccHficKoe  KocMHHecKoe  arcHXcxBO,  AO  “PocoBnicMam”,  AO 
“Ackohx”,  kb  cneiniajibHoro  MaiiraHocxpemiH,  KB  xpaHcnopxiroro  ManraHocxpo- 
eHH5i,  BtHHH  MauiHHocxpoeHHB. 

2.  Or  VKpaHHH  -  HaiXHOHajibHoe  KocMiwecKoc  arenxcxBO  VKpaHHbi,  FKB 


“lOacHoe”,  no  “lOacMamsaBOfl”,  AO  “XapTpoH”. 

BbrnonHcHHe  pa6oi  no  KoMm.eKcy  "flHenp"  imampyeTca  ocymoCTa™-.,  na 
floroBopHoa  ocHo»e  Meray  CO  “KocMorpac"  a  HenocpeacTBeHHHMB 

pa6or  -  npeflnp™«n.MH,  opniHHaaamM.  PKA,  HKAV  H  MmioBopom.,.  nepeobopy- 
flOBaHHe  MBP  PC-20  b  paKery-HocmeaB  "AHenp"  npeflnonaracTCH  ocsnueciBaa-n.  Ha 
KOcMoflpOMe  BaaKOHyp  craaMH  npoMHiiineHHOc™  Pocchh  a  VapaHHai. 

SaflaqH,  peuiaeM&ie  komiutckcom  “^nenp 

HcnoawoBaHHB  paKc-m  PC-20  b  KanacTBe  HocareM  KA  npHMeHHTcJiMo  K 
npeanaraeMUM  HanpaBJieHMM  coaHaHna  (urraTHaji  paKcra  h  paKoxa  c  paaroMHoB 
cTyneHbio  C5M  PH  “Uhbioh")  noaBoaaaT  oBBcneian.  ubiBeaeHHe  o  sktob  b 
MHPOKOM  ananaaoHe  aecoB  (or  400  kt  ao  4000  kt)  »  Bb.car  KpyroBb«  op6m  (or  250 
KM  ao  4700  KM).  SanycK  nucoro  Hiacaa  KA  noaBoaaeT  pemnrb  pan  aKiyaabHbix  3mm 
HayHHoro  h  HaponHOXOsaHCTBCHHoro  HoaHaHeHUJi; 

-  noorpoeHHB  HH3Koop6HTajibHbix  CHCTCM  CBaaHtH  HH(j>opMaifflH  (KA  ™na 

••TeaeaBcKK”,  "raoSaacTap",  "HpriaHyM",  •ToHen”,  "Haaeacaa  H”,  “ApHaana”  h 


’  -  o6Bcneae.™e  aHcraHUHOHHoro  aoHanpoBaHHa  3eMaH  H  npoBBaeHHB  HayaHHX 
nccaeaoBaHHH  c  ueabK,  Ha6aK>aBHHa  aa '  yporKateocTbro,  KOHtpoaa 
aeMaenoabaoBaH™,  roroBHOc™  nacTOHU,  H  OHoMacc,  BoaHbK  pecypcoB,  Ha6aK,fleHHB 

aoH  cr»a.ftHoro  OeacrBna  (KA  TMna  fl33  o  SS/L,  “Pecypc”.  -OK=a„-01",  AyOC- 
CM3,  ‘■npeflynpexcaeKne”  h  ap.); 

-  oeecneaeHHB  npoMbiiiiaBHHoro  npoHaBoacTBa  cynepiHCTbK  MaTepnaaoB  b 
ycaoEHKX  MKKporpaBHxauHH  (noaynpoBoaHBKH,  BHonpenapaibi  H  ap.) 
xapaKrepacTHKaMH,  3Haam>abH:o  npeBOCxojwmHMH  aHaaora  -  CHCXBMa  "Tbkoo”. 

KPOMB  Toro,  npBaycMaTpMBaBTca  4>paK™BaHHe  ycayr  no  aanycKy  KA  aK.eSoio 
HaaHaaeHHH,  B  T.  a.  onBpaxHBHoe  BOcnoaHenne  KocMHaecKHX  chctbm,  b  npeaeaax 
BHBpreTHKH  H  HMBioraHxca  raSapHTOB  30H  noacaHoro  rpyaa  c  ^  oBBcneaemeM 
HaKaoHBHHii  KpyroBbtt  H  MaHiirnaecKHx  op6ht  -  46°,  51»,  65°,  87°, 98°. 

B  aK*.M  cayaac,  b  nepHoa  BKcnayaTaura  KocMHaecKoro  paKoraoro  KObOiaeKca 
“flHenp"  Hapw  c  sKOHOMnaBCKHM  a^K^BKloM  o6ecnBaHBaBTca  coxpaHeHHB 
BbicoKOHHrBaaeKayaabHoro  noicHUHaaa  h  nepeaoBHK  TBXHoaorBft  b  pbkbtho- 
KocMHaecKoft  OTpacan  npoMb.ma=HHOom  capaH  CHP,  noBMmeHHc  3<J.4K>Krm.HocTH 
orpacaeii  HapoaHoro  xoaaftcTBa,  craBHaHaamoi  cmyaUHa  Ha  KOCMoapoMe. 


JIErKJHE  PAKETbl-HOCHTEJIH  HA  BA3E  BprUI 
H.H.BEJIHHKO,  B.E.ICAPrHH,  C.B.rJIAj:^BimEB  (EPI^), 
rLO.BPACJL\BCKHH  (UHHHMAIU) 

B  xe'^eHHe  HecKo;iB.KHX  nocjieflHHX  Jier  rocynapcxBeHHMM  paKexHWM  ixeH- 
xpoM  KB  HM.aKaflCMHKa  B.FI.MaKeeBa”  6bui  npoBezr,eH  SojitmoH  o6x>eM  Hccjie- 
WBaHHH  no  B03M0)KH0CXH  C03^[aHIW  paKeXHO-KOCMlPieCKHX  KOMMepneCKHX 
KOMiuieKcoB  mfi  BWBcaeHna  MajiopasMepHbix  KOCMHqecKHx  annapaxoB  paajinq- 
Horo  Ha3HaHeHH:a  na  oKOJioaeMHwe  op6jixbi,  a  xaiOKe  annapaxoB,  aanycKacMbix 
.  na  cy6op6HxajibHbie  ipaeiKxopHH.  Oahhm  h3  xaKHX  paapaSaxbiBaeMbix  KOMiixeK- 
coB  jmjwexcH  komojickc  “IIIxHJib-2”, 

OxjnwHxejibHOH  ocoBenHocxbK)  aioro  KOMmieKca  HBJMexcB  HcnojibBOBaHne 
cymecxByiomeft  HH(l)pacxpyKiypbi  nojinroHa  “HenoKca”,  b  xom  nncjie  naaeMHbix 
cxapxoBbix  coopyaccHHii,  a  xame  cepwHHbix  SajuiHcxnqecKHX  paKex  PCM-54, 
cHHMaeMbix  c  6oeBoro  jiexypcxBa.  MnHHMajibHbie  flopaSoxKH  no  paKexe  o6ecne- 
Hax  BbicoKyio  HanexcHocxi.  h  roqnocxb  BbiBejieHHa  nojieaHon  HarpysKn  na  opOnxy 
npn  HH3KOH  CXOHMOCTH  nycKa  (4-5  mjih.aojui.  CIUA). 

npcOTOJiaraexcH  npoBe^eHHe  nycKOB  kbk  c  HstacMHoro  cxapxoBoro  kom- 
njieKca,  xaK  h  h3  luaxxbi  noBiBoanoH  jig^kh. 

Pa6oxbi  no  co3B;a.HHio  KOMiijieKca  npoBOflHxcB  noOTanno.  Ha  nepBOM  axane 
pa3pa6oxKii  nojie3Haf[  earpyaKa  pasMemaexcH  b  mxaxHOM  oxceKe.  Paxexa- 
HocHxejib  B  3TOM  BapHaHxe  HMeex  HHfleKc  “njxHJib”.  llycKH  npoBOflaxca  H3  raax- 
xbi  noflBOjXHoii  jiobkh. 

Ha  BxopoM  3xane  paapaSoxKH  jum  paaMemenmi  noaeanoH  narpyaKH  co3- 
Ziaexca  otcck  no.xesHon  narpyaiai,  Koxopbin  cocxohx  H3  aapoziHHaMiBrecKoro  o6- 
xeKaxejiH,  c6pacbiBaeMoro  b  nojiexe,  h  nepexoOTHKa,  na  KoxopoM  paaMeinaexca 
nojieanaa  narpysKa  n  KoxopwH  o6ecneHHBaex  cxwKOBKy  oxcexa  nojieaHOH  na- 
rpysKH  c  paKexoM.  PaKexa-HocHxejib  b  3xom  Bapnanxe  HMeex  HH^eKc  “IIIxHJib-2”. 
riycKH  npoBoaaxca  c  HaaeMHoro  cxapxoBoro  KOMruieKca  h  h3  maxxw  noflBO^(HOH 

JIOUKM. 


PAKETHO-KOCMHHECKHH  KOMIUIEKC  C  PAKETOH- 
HOCHTEJIEM  “inTHJIb’* 

06ecneHHBaex  BbiBe^tcHHe  nojieanwx  narpyaoK  paajiHHHoro  HaanaHeHna  na 
KpyroBbie  op6HXbi  BbicoxoH  jio  400  km,  jih6o  na  ajuiHnxHHecKHe  op6HXbi  c  nepH- 
reeM  ao  400  km.  Cxapx  ocymecxBJiaexcB  h3  maxxbi  noflBOAHOH  jiomcH  Kjjacca 
“ja(ejib4)HH”. 

PaKexHo-KocMHBecKiaH  KOMmieKC  cocxohx  H3: 

-  paKexbi  KocMHBecKoro  HaanaHeHHH  “UIxHJib”; 

-  HH4>opManHOHHo-H3MepHxejibHoro  KOMnjieKca; 

-  XeXHHHeCKOH  noSHHHH; 

-  cxapxoBoro  KOMroieKca  no;iBO;[iHOH  jiob;kh. 

PAKETA  KOCMPIHECKOrO  HA3HAHEHH^  “DJTHJlb” 

Co3naexcH  na  Oaae  Oaji/iwcxHxecKOH  paxexbi  noflBoaHbix  jiohok  SS-N-23 
(PCM-54).  ^lops^SoxKH  npoBOBBXcB  Ha  CeBepHOM  nojiHXOHe,  pacnojioxcHHOM  b 
ApxaHrejibCKOH  oOjiacxH. 


BopTOEa33  anriaparypa  paKexH  KOCMH^iecKoro  HaaHa-^ieHHJi  “I'OTHJib”  p.'.6o- 
XaCT  B  HHepUHaJlbHOM  peJKHMe. 

nojiesHaH  HarpysKa  paaMemaexca  na  paicexe  b  cneunajibHOH  aamKTiioM 
Kancyjie  Ha  Mecxax  mraxHOH  pejiCBOH  ixarpyaKH.  Kancyaa  o6ecneHHBaex  aaijXHxy' 
ICA  OT  renjioBwx  ,  aKycxmecKHx  h  npoHHX  BoaaeHcxBHH  co  cxopoHW  Bepxijefl 
cxyneHM  paicexH.  Oocae  Bbucofla  paKexbi  Ha  sa/iaHHyio  opBwTy  ox^iejiaexcii  Kaiicy- 
aa  c  KuA.,  h  paicexa  ysoaiixea  c  xpaeKTopnH  noaexa  noaeaHOH  HarpysKH.  PacKpbi- 
XKe  Kancynbi  h  ocBoGojKaeHHe  KA  ocymecxBJHiexo?  nocae  xoro,  kbk  paKcxa  yiu- 
aa  Ha  paccxoaHMe,  HCKaioaaiomee  BoaaeHcxBue  cxpyn  aBHraxeaen  i-ia  KA. 

OCHOBHHE  XAPAKTEPHCTMKH  PAKETHO-KOCMHHECfCECKOrO 
KOMnilEKCA  C  PAKETOM  "UJTHJlb” 


Me  CTO  cxapxa 
Cnoco6  nycKa 


CaaproBaa  Macca,  x 
ra6apMTb]  paKexbi,  m 
aaiiHa 

awaMexp  paKexw 

06beM:  30HM  noaeaHOH  HarpyaKH, 
Macca  noaeanoH  Harpy3KH,  bhbo- 
aiiMOH  Ha  KpyroByio  op6Hry  bhcotoh 
400  KM  H  HaKaoHCHHeM  79  rpaaycoB, 


Mhpoboh  OKeaH 
H3  nycKOBOH  maxxbi 
HoaBoaHOH  aoaKH  Kaacca  “j5eabct)HH" 

39.7 

14.8 
1,9 
0,183 

n 


PAKETHO-KOCMHHECKHH  KOMnJIEKC  ‘•mTHJIb-2” 

npeaHaanaHCH  wm  BbiBcaeHHa  MaaopasMspHbix  icocMwaecKHX  aiinapaxoB 
paaaHaiHoro  nasHaacHHa  Ha  OKoaoaeMHwe  opbHTbi. 

KoMnacKc  coaaaexca  Ha  6a3e  SaaaHcxHaecKHX  f  noaBoaHbix  aoaoK  SS- 
N-23  (PCM-5)  H  c3aHecTByiou!:eH  HH(|}pacTpyKxypbi  CesepHoro  noaHroHa,-  pac- 
iioaoxeHHoro  b  ApxanreabCKOH  obaacxH  h  beaaBapHHHO  oKcnay'axHpyeMoro  b 
paBaHHHbix  pexcHMax  6oaee  20  aex. 

HaaeMHWH  cxapTOBbiH  KOMmieKc  noBBoaaex: 

1.  OcyuxecTBaHXb  ao  10  nycKOB  b  roji. 

2.  SanycKaxb  cepHK)  KOCMHHecKHX  annapaxoB  c  MHHHMajibHHM  HHxepBaaoM 
ao  15  cyxoK. 

3.  OSecncHHXb  Ha  npoxasKCHKH  ajiHxeabHoro  BpeMCHH  aexcypHWH  pexoiM  c 
BbicoKOH  cxeneHbio  xoxobhocth  paKexbi  k  nycKy, 

4.  noayaaxb  b  xoae  no.JieTa  paKexbi  TeaeMexpHaecKyro  HH(i)OpMaHHK)  c  6op- 
ra  c  noMombjo  HH(|)opMaij:HOHHbix  cpeacxB  HcnbixaxeabHoro  noaHrona  h  bw- 
HOCHblX  H3MepHTeabHbIX  nyilKTOB. 

KoMoaeKC  coctoht  hs: 

paKexbi  KocMHMecKoro  Ha3HaaeHiM  "IIJxHab~2”; 

HascMHoro  crapxoBoro  KOMnaeKca; 


iicHTpa  noOTOTOBKEr  nojiexHOiro  3a^i:aHHa;  . 

LieHTpa  o6pa6oTKH  TejicMeTpHHecKoii  HH(J)opMamin. 

PAKETA  KOCMUHECKOrO  HA3HAHEHPW  “IIITHJIb-” 

Wisi  pasMemeHna  nojiesHOH  HarpyaicH  Ha  paKexe  npoH3BoflHTCH  Bopa6oTKa 
paKCTM  PCM-54  B  xacTH  co3flaHna  oxceKa  nojiesHOHt  HarpysKH,  KOTOpwH  npea- 
cxaBJiaeT  co6oh  aapoflHHaMirxecKHH  o6TeKaTejifa  h  nepexoBHHK,  o6ecneHHBaK5~ 
lUHH  cTbiKOBKy  nojiesHOH  Harpy3KH  c  paKexoH.  O&teM  oxceKa  njm  paaMemeHiw 
no/ie3HOH  Harpy3K]3  cocxaBJiaex  1,87  Ky6.M. 

AapoflHHaMOTecKHH  oGxeKaxejib  BwnojiHeH  repMexH3HpoBaHHWM  ann  o6ec- 
nexeHna  rrbuie-BJiaroaaiHHxw  nojicaeoH  HarpyaKH  h  cnaSxeH  chcxcmoh  paaacjie- 
HHH  H  c6poca.  KoHCTpyKHHa  aapoaHHaMHMecKoro  oSxcKaxejfia  B:oiiycKaex  bw- 
noBHCHHe  JTK3KOB  HB  60KOBOH  HOBepxHocTH  o6xeKaxejw  jinsi  noflBozia  ztonojiim- 
lejitHbix  cBH3eH  nojieaHOH  HarpysKH  c  annapaxypoH  HaaeMHoro  cxapxoBoro  kom- 
lUieKca. 

MHoroxHCJieFrHbie  nycKH  c  HaaeMHoro  HcnwxaxejibHoro  cxen/ia  h  nonBoa- 
Hfaix  aonoK  noKaaariH  BbicoKyio  HaaejKHocxb  cepHHHOH  paKexbi  SS-N-23  (PCM- 
54)  -  npoxoTHna  paKexbi  “IllxHjib-2‘”  (flocxHFHyxa  BepoaxHocxb  ycneuiHoro  nyc- 
Ka  H  nojrexa  He  Meiriee  0,96). 

BeaonacHocxb  OKcruiyaxamiH  oGecnexHBaexcK  KOMruieKcoM  cxcmho- 
KOHCTpyKTHBHfarX  H  XeXHOBOrHHCCKHX  MCp,  oOcCHeHHBaiOmHX  repMeXHMHGCXb 
xoruiHBHHx  CHcxeM  aMiTyjiH3HpoBaHHOH  paKexbi,  HCKJiroxeHHe  B03M0XCH0CXH  Bbl- 
aaHH  HecaHKHHOHHpOBaHHbIX  KOMaHB  Ha  HHpOCpeflCXBa  H  F(p.  34)4)eKXHBHOCXb 
KOHCTpyKTHBHO-XeXHOJIOrHHeCKHX  peiUeHHH  nOOTBepxaieHa  nOJIOiKHXe/IbHHMH 
peayjibxaxaMH  SKcruiyaxaHHH  cepHHHbix  paKex-npoxoxHnoB. 

HA3EMHbIH  CTAPTOBblH  KOMRilEKC 

BKJHoxaex  b  ceOa  xexHuxecKyio  h  cxapxoByio  hoshhhh,  ocHaraeHHwe  arma- 
paxypoH  jjuisi  xpaneHHa  paKexw,  npOBe/ieHHe  npeanycKOBbix  onepanHH  h  nycxa 
paKCTbl, 


KOMrUIEKC  CMCTEM  ynPABJlEHMil 

OSecnexHBaex  iieHxpajiHaoBaHHoe  aBXOMaxERecKoe  jxipaBJieHne  CHcxeMaMH 
KOMimeKca  bo  Bcex  SKcmiyaxaHHOHHbix  pexoHMax,  ynpaBJieuHe  npeB;nycKOBOH 
noaroxoBKOH  h  nycKOM  paKerw,  no^roxoBKy  xexHHxecKOH  HH^JopMamm  h  no- 
JiexHoro  saaaHHa,  bboa  noaexHoro  aaaaHHH  h  ynpasjieHHe  paKexoH  no  BMBoay 
nojieaHOH  HarpyaKH  Ha  aaflaHnyro  op6Hxy. 

UEHTP  nOZirOTOBKH  nOJIETHOrO  SAOAHPW 

KoopaHHHpyex,  ruiaHHpyex  h  npoBo^HX  Bce  paOoxbi  b  xacxH  pacnexa  6aji- 
xHcxHxecKHX  xapaKxepHcxHK:  h  noaroxoBKH  nojfiexHoro  aaaaHHfl. 


MHcDOPMAI^MOHHO-HSMEPHTEnbHHH  KOMmiEKC 


HH4)OpMamiOHHO--H3MepHTSJIbHfaIH  KOMIDTCKC  oOecne^HBaeT  npHCM  H  pe- 
rHCTpauMio  TejieMCTpirqecKOH  HH(|)opMai]:HH  bo  BpeMH  nojiexa,  o6pa6oTKy  k  bw- 
aaqy  peayubTaxoB  HSMepeHHH  saKas'iHKy  nycKa. 

I^EHTP  OBPABOTKM  TEJIEMETPHHECKOH  HHOOPMAUHH 


06ecneqHBaex  o6pa6oxKy  Bceii  aaperacxpHpoBaHHOH  xejieMexpmecKofl  hh- 
(i)opMauHH  ;jyiH  npe/tciaBjieHMfl  peayjibxaxoB  o6pa6oxKM  b  yztoSHOM  jyia  noxpeGw- 
xejieH  BHiie. 

riycKH  c  HaaeMHoro  cxeHzia  oGecneHMsaiox  4)opMHpoBaHHe  opGwx  b  cpasHH- 
xejibHo  HeGojibiuoM  nHanaaone  naKJioHeHHH  opGnx  ox  11^  ao  88^’,  axo  GeaycaoB- 
Ho  orjjaHHHHBaex  oGaacxb  HcnoabaoBanPia  KOMiuieKca.  EocyaapcxBeHHbiM  paKex- 
HbiM  ueHxpoM  Gbuih  npoBeacHH  npopaGoxKH  no  B03Mo^ocx5rM  npoBeaenna 
nycKOB  paKexbi  KocMHHecicoro  HaananeHna  "llIxnjib-2"  c  no^iBOiiHOH  aonKH  b 
OTanasoHe  uiHpoT  ox  0°  no  77”. 

BbinonneHHbie  paGoxbi  noKaaajin  peajinayeMocxb  nycKa  H3  maxxbi  npn  npo- 
BeneHHH  HeoGxoflHMbix  nopaGoTOK.  Ilpn  oxom  coxpaHHexca  BosMOXHOcxb  hc- 
nojibaoBaroiH  noztBoziHOH  jiozikh  no  nejicBOMy  HasHanenHio. 

OCHOBHblE  XAPAKTEPMCTMKH  KOMnjlEKCA 


Mec  ro  cxapxa 


EaGapHTH  paKexbi,  m 
ZUIHHa 

nnaMexp  paKexbi 
zmaMexp  oGxeKaxejin 
OGbcm  aoHbi  iiojieaHOH  narpyaKii, 
CxapTOBan  Macca.^  x 
Macca  nojieanoH  narpysKH,  kt 
i=78  ipan.,  H=200  km 
i=78  rpaa.,  H=740  km 
i=0  rpan.,  H=  610  km 
i=0  ipan.,  H=1040  km 
CxoHMOcxb  nycKa,  MJiH.no.aji.CDJA 


ApxanrejibCKan  oGnacxb  (naacMHbiH 
cxapxoBbiH  KOMnjieKc), 

Mhpoboh  OKean  (h3  maxxw  nonBonHon 
nonoi) 

18,35 

1.9 
1,272 
1,87 

39.9 

330 

50 

350 

50 

4,5 


PiiK(v|-a-noirnTe.ni,  “(>r  pejia”.  I  IcpciiwoHBa  uciiojibiioKUHiiM 

H  “liilHiasHyp”. 

1  ’.A,  lM|>pi'M()BTiriO 
MaruHHoc  ipoefn-rn 

143952,  {  .  Pcyfoji,  MocKOBCKaa  ofijiacib 
yji.  rai  apHiia,  33 
tPaKc:  (095)  302-2001 

Mhoihc  iiay>iHMC  h  KOMMup’iccKwe  :uuui’M  «  iracioainec  r.pcMa  Mtjiy  i  ()i>j  li;  pciuumj: 
c  Hciiojib^OBaBneM  op6HxajH.T0.ix  ipyiiitT'tpoBOH  TiiiH  oT,T;ejir.iH.TX  “ivTajH.ix”  KA,  B 
coBpeMeHHbix  poccifHCKHX  ycjfOBHsix  xi'T)  Bi.ii5(yptj'  fia  iicpBLiii  iiJian  ccKViaiftic  PII  fia 
OCHOBe  BI.TBO;\HMT.IX  H3  3KCll.liya  raU(IfH  B  COO'I'BCl'CXBHH  C  )  (oiOBOpOM  O  OPIB  N4liP.  I  UK) 
MaTiiHHocrpoeHHa  ,  B03iJiaBJi»HnnHM  Koonepanwfo  iipe/pipusiraH  ,  y^raciBoBamriHx  b 
co3;ianrfH  m  oOcciicHUBaioiHjtx  Oojiee  ‘icm  20-JTCxm<)K)  SKcnayaxaojHK)  KOMrmeKca  c  AiUP 
P(V18,  pa'».pa6oTaH  sapHam'  itepeo6opy;xoBaHHa  paKcrw  P(M8  a  KocMHHCcKyio  PH 
"ClpWia”.  OCHOBIIOH  KtHlpeinpiOH,  pCajlHaOBailllOH  B  HpOCKXC  KOCMH«i:CCKOrO  paKCTHOlO 
KOMHJicKca  “dapcjia”,  flBJiacujH  ooxpaweHHc  MaKCHMajn.Hofi  iipeeMCTBciiHocrii  no 
oiHomciiHK)  K  6a30B0My  paKCTiioMy  KOMiuieKcy.  PeaJHiaaijHa  rajcoio  uapHaTna  co:vi,aiiHa 
I’H  “Oipcjfa”  rfOBBOjfacT  pacTipocipaiiHTfc  iia  hoc  bwcokhc  noKaaaTCJiH  ^la;^c3KHoc^H 
paKcji,[  PCA18:  143  yciieiiuifcix  iiycxa  iia  146  iipoK?JBt:;^CHHMx.  HarvycKn  PH  “Cipcjia” 
Moiyx  npon3B();];tni.ca  c  ICC5CMo;^poMOB  “Cbo6o;4H.ih”  h  “l>aHKOnyp”.  /(jia  aaiiycKa  na  PH 
A  ipujia”  IIIIO  MaimuiocipoeTiHB  paapaOcxaii  yiiHBcpcajiMUjH  cJiyaceSiuaM 
“Maiioix)”  KA,  no3BOJi8iomHi!i  ycraiiaBjmBaxi.  na  iien)  noaeanwe  nai^TyaKH:  Maccoit  ;(o  250 
Kr.  1  Kwx)TOBJienf.i  npe^ao:aceHHH  no  ncnojibaoBannio  PIT  “Cxpejta”  BMrxvtcnna 
Majiwx  crtyTHHicoB  c  njia'TMemiHMH  AflHiaxt'jtHMH  k  acTepoH/^aM,  njianeraM  ( 'o.rifieuHOH 
cncTCMi.i,  B  TOHKH  aiiGpau^ffl,  na  rcoci’annonapniac  opOnjT.r,  b  Taixcpecax  nayrcH  it 
KOCMHHeCKOH  CBH3H. 

/(jiK  PoccHTicKOH  <]>e/iepaipin  nanOojicc  ncpcneKXHBHUM  mccjom  sanycKa  PM  jiei  koto 
icjiacca  aBJixexca  kocmo^^tom  “('Botio^nBin”,  oOecnenKBaKaunn  Bi>iBe;i,eTrne  KOCMnnecKnx 
annapaxoB  na  opOimi  c  naKJioncuneM  b  ^pianaToiiax  52"  -  62"  n  90"  ~  97"  ,  i5Kji«m« 
COJmCHHO-CHHXpOHHblU  OpUHTBl.  AnajJHH  MHpOBOl'O  phIHKa  KOMMCpOeCKHX  lianycKoi*.  KA 
iTOKaTWBaei'  ,  ^no  HMcnno  na  :mi  /g>iana:5oni.i:  liaiaiOTicnnn  opOin  npHxo;i;HTCji 
MaKCHMajft.HbiH  cnpoc.  HcnojibiOBanHe  KocMo;j,poMa  “liiiHKonyp”,  no3)50JHiK)Uj;ero 
ocyaqecTBaaTb  aanycicn  KA  paKcrjaMM  JierKoro  KJiacca  xojibKO  c  naKJionenHHMH  62."  -64"  , 
aBjiHCTCM  ncaccoo6pa'-iHfarM  c  nyiKH  apcntia  najin'ina  pasuHion  iiH(})pacipyiaypu  w 
Aonojinatn  KfTMMcpnecTcne  Bo;mo2KnocTH  coa^pBacMoro  KocMnnecicoro  paifCTHoif) 
KOMii jvicca  “Cxpujia” . 


Streb  Launch  Vehicle.  Prospects  of  using 
Svobodny  and  Baikonur  ('osmodromes 


H.A.  Yefremov 
NPO  Masliinostroyenia 

33  Gagarin  Street,  Reutov,  Moscow  region  143952 
Fax:  (095)  302-2001 


Many  scientific  and  commercial  tasks  can  now  be  solved  using  orbital  groups  or 
single  “small”  spacecraft.  In  current  Russian  conditions,  creation  of  LVs  on  the  basis  of 
K^BMs  being  discarded  pursuant  to  the  Sl’ARl’  Treaty  has  become  a  matter  of  primaty 
importance.  NPO  Mashinostroyenia  which  is  a  prime  contractor  and  which  leads  a 
network  of  subcontractors  that  participated  in  creation  and  continue  to  participate  in 
operation  of  the  RS-18  ICTIM  complex  for  more  than  20  years,  has  developed  a  variant 
of  converting  the  RS-18  KMB  into  the  Strcla  launch  vehicle.  The  basic  concept 
implemented  in  the  project  of  the  Strela  space  missile  complex  is  retaining  to  a  maximum 
of  the  ICBM  hardware  and  software  in  the  Strela  LV.  Implementation  of  this  concept  in 
creation  of  the  Strela  l.V  allows  to  extend  high  reliability  characteristics  of  the  RS-18 
ICBM  to  Strela  LV,  namely:  143  successful  launches  out  of  the  total  number  of  146 
launches.  Strela  LV  can  be  launched  from  Svobodny  and  Baikonur  Cosmrrdromes.  NPO 
Mashinosfi’oyenia  hajj  also  developed  a  universal  service  module  of  a  “small”  spacecraft 
which  alows  to  mount  payloads  of  a  mass  up  to  250  kg  on  it.  Proposals  have  been 
prepared  on  the  use  of  Str  ela  J^V  for  sending  small  spacecraft  with  plasma  engines  to 
asteroids,  to  planets  of  the  Solar  system,  to  libr  ation  points,  to  geosynchronous  orlrits  in 
the  interests  of  space  science  and  space  communication. 

I'he  best  place  to  launch  light-class  LVs  in  the  Russian  Federation  is  Svobodny 
Cosmodrome  from  which  it  is  possible  to  launch  spacecraft  to  orbits  with  inclinations  in 
the  ranges  52°  -  62“  and  90°  -  97°  includingh  sun-synchronous  orbits.  Analysis  of  the 
world  market  of  commercial  launches  has  shown  that  these  orbit  inclination  ranges 
account  for  maximum  demand.  The  use  of  Baikorrur  Cosmodrome  that  allows  launches 
of  satellites  by  light-class  LVs  only  to  orbits  with  inclinations  62°-  64°  is  reasonable  from 
the  point  of  view  of  available  developed  mfrastructirre  and  it  complements  comercial 
capabilities  of  the  Strela  space  missile  complex  that  is  being  created. 


IlepcneKTHBW  KOMMepnecKoro  HcnojiB30BaHiM 
paKexbi-HocHTejiH  “Pokot” 


PoCKHH  O.K. 

rKHniJ,  HM.  M.B.XpyHHHCBa 
121087,  MocKBa,  yji.  HoBoaaBoztcKaa,  18 
T6JI.:  142-59  -21;  4)aKc:  956-2441 


MexcnyHapoflHbiH  KOCMEraectaiH  pbiHOK  cerofliia  nepejKHBaex  3Ha^H- 
xejibHbie  H3MeHeHH5i  b  oSbeMe,  cxpyKxype  h  ypoBHe  KOHKypeniXHH.  flpoHC- 
xoaHX  3apo*aeHHe  cnpoca  Ha  aanycKH  JiexKHX  KocMiraecKHX  annapaxoB, 
no3BOji5iK)iij;HX  peajiH30Baxb  hobmc  noxpeSHOcxH,  KaK  b  bochhoh,  xaK  h  b 
rpaxcuaHCKOH  c(J)epax,  a  xaKxe  6ojiee  aKXHBHO  ocBaHBaxb  xaicne  HOBbie 
pbiHKH,  KaK  Mo6HjibHaa  ]rjio6a.fibHaa  cBaab,  MOHHXopHHX  aeMHOH  noBepx- 
HocxH,  npeflynpe.wieHHe  o  cxhxhhhbix  6eAcxBHax  h  Ap.  Ha6AioAaeMbra  b 
nocjieAHee  BpeMH  6bicxpbiH  pocx  HHcaa  4>HpM-npoH3BOAHxeAeH  h  onepaxo- 
poB  MaAbix  KA  npoHcxoAHx  na  4*OHe  mcajichhoxo,  ho  ycxoHHHBoro  pocxa 
BHcaa  pa3pa6oxxHKOB  h  npoHBBOAHxeaeH  cpeAcxB  BbiseAeHHa. 

Xopomo  H3BecxHO,  bxo  npH  ocBoeHHH  AK)6oro  pbiHKa  HpeHMymecxBOM 
6yAex  o6AaAaxb  xox,  kxo  Gbicxpee  bmhacx  Ha  Hero  c  KOHKpexHo  oOochobbh- 
HblM  npeAJIOACeHHeM.  IlOKHMaB,  BXO  B  XeKymHX  yCAOBHHX  ObICXpblH  BbIXOA 
Ha  MCyKnyHapoAHbiH  pwHOK  c  hoboh  PH  AerKoro  KJiacca  xpyAHo  ocy- 
mecxBHM,  B  rKHim  hm.  M.B.XpyHHHeBa  hcckoabko  Aex  HaaaA  6biAO  npH- 
HAxo  peiueHHe  o  coaflaHHii  KOMruicKca  paKexbi-HocHxeAH  “Pokox”  Ha  ocho- 
Be  CHHMaeMbix  c  Boop3/AceHHA  MBP  SS-19  (PC-18).  Hphhaxhio  xaKoro  pe- 
lueHHH  cnocoScxBosaAO  cxpeMji[eHHe  k  peaAH3au;HH  OKOHOMHAecKH  BwroA- 
Horo  H  oKOAornAecKH  HeAecoo6pa3Horo  cnocoOa  yrHAH3aii,HH  Oocboh  pa- 
KeXHOH  XeXHHKH. 

Ho  Mepe  HCHepnaHHB  aanaca  yxHAH3HpyeMbix  paKexHbix  6aokob,  hab- 
HHpyexcA  HocxeneHHaa  aaMena  PH  “Pokox”  6oAee  coBpeMCHHWMH  PH  Aer- 
Koro  KJiacca,  paapaGaxbiBaeMbiMH  b  paMKax  npoeKxa  “Anrapa”,  KoxopwM 
“no  HacABAcxBy”  Aocxanexca  cerMenx  pbiHKa,  aaBoeBaHHbiH  “Pokoxom”. 

B  HacxoHinee  BpeMA  bbacho  oOecneAHXb  CBoeBpeMeHHOcxb  (ne  no3AHee 
2002  roAa)  BwxoAa  PH  “Pokox”  Ha  pbiHOK.  CABHr  BnpaBo  AaHHon  BpeivieH- 
HOH  rpaHHUbi  Moxcex  cAeAaxb  bcio  nporpaMMy  oKOHOMHAecKH  HeLi,eAecoo6- 
pa3HOH. 

VAHXblBaA  HHBeCXHLtHOHHblH  XapaKXep  pa3BHXHM  HpOrpaMMbl  “POKOX”, 
oHCHKa  HeAecoo6pa3HocxH  h  3(t)4>eKXHBHocxH  ee  peaAH3aiiHH  AOAJKHa  npo- 
BOAHXbCA  no  o6ui,enpHHHTbiM  KpHxepHAM  OKynaeMocxH  h  noAyAeHna  npn- 
6bIAH.  OAHaKO,  nOMHMO  OCHOBHOH  U:eAH  AloOorO  npeAnpHAXHA  B  HblHem- 
nen  oKOHOMmiecKon  cnxyau,HH  -  noAyAeHHA  aoxoaob,  ocymecxBAenne  npo- 
ipaMMbi  “PoKox”  HMeex  BaxHoe  rocyAapcxBeHHoe  BHaAenne,  xaK  kbk  no- 
3BOAAex  “paarpyanxb”  PocyAapcxBeHHbiH  6ioA^ex  no  ahhhh  BbiAeAenna 
cpeACXB  Ha  peaAH3au,HK)  /JoroBopoB  o  CHB.  HpoBeAeHHbie  nccACAOBaHna 
n03B0AHK)X  aaKAIOAHXb,  AXO  BAOXCHHe  B  HpOrpEMMy  “PoKOX”  OKOAO 


O.PoCKHH 


40  o6ecn6'qHT  nojiy^eirae  260-280  mjih.^ojiji.  ’^hctoh  npH6biJiH 

Ha  lO-jieTHCM  3Tane  aKcruiyaxaHHH  KOMiuieKca  PH  na  KOcMoflpoMe 
“njieC6I],K”.  npH  3TOM  flOCTHFaeTCH  BeCOMOC  CHHaKeHHe  HarpySKH  Ha 
roc6lO,H»CeT  -  BMCCTO  BWB,eJieHIM  120  MJIH.flOJUI.  Ha  yTHJIH3au;HK) 
MBP  PC-18,  rocyaapcTBo  Mo^cex  nojiyHHXb  floxo^;  6ojiee  200  MJiH.flojiji. 


O.PoCKHH 


Bo3moxchoctm  sanycKa  Majiora6apHTHWx  KocMiwecKHx  annapaxoB 
paKexaMH-HocHTejiflMH  MHoroi5ejieBoro  TpaHcnopTa6ejibHoro 
paKexHO-KocMiPiecKoro  KOMiuieKca  ceMeHcxBa  “Cxapx” 

lO.C.  COJIOMOHOB,  A.n.  CyxafloJiLCKHH,  C.M.  SHiweHKO,  lO.H.  ^KupyxHH, 

B.H.  Ah^piouikh 

rn  “MHT”,  127276  r.  MocKBa,  yji.  BepesoBaa  ajuien,  10/1 

BBCJCHHe 

B  Haqajie  flCBaHocxtitf  roflOB  KoonepaBHeH  npoMbinuieHHbix  npeOTPH^THH, 
BosrjiaBnaeMOH  HayqHO-xexHHnecKHM  peaxpoM  «KoMnneKC-MHT»,  coapaHHbiM  npa 
rocypapcTBeHHOM  npepnpHaxHH  «Mockobckhh  HHCxHxyx  TenjiOTexHHKH»,  paspaOoxaHbi  h 
HcnbixaHbi  pBe  yHH^tHPHpoBaHHbie  paKexbi-HocHxejia  (PH)-  aexbipexcxyneHaaxaa  «Cxapx-l» 
H  naxHCxyneaaaxaH  «Cxapx»  (xa6ji.  1).  Paxexbi-HocHxejiH  npepHasHaaenbi  pjia  sanycKa 
MajioraSapHXHbix  KOCMHaecKHX  annapaxoB  (KA)  pajJiHaHoro  HasHaaeHHH.  PaapaOoxxa 
paHHbix  paKex-HocHxejieH  ocymecxBneHa  3a  cnex  npHBJieaeHHa  BHeSiopxcexHbix  hcxohhhkob 
(^HHaHCHpoBaHHS.  B  paKexax-HOCHxenax  Hcnojibsyexca  MaxepHajibnaa  aacxb 
MexcKOHXHHeHxajibHbEc  OajuracxHaecKHX  paxex  (MBP)  PC-12M  «Tonoi[b»  (SS-25).  B 
qacxHocxH,  6oJiee  95  %  Maccbi  paKexbi-HOCHxejia  «Cxapx-l»  cocxasjiaiox  panee 
HsroxosaeHHbie  yaabi,  CHCxeMbi  h  arperaxbi  MBP. 

TaGanpa  1 

OcHOBHbie  xapaxxepHcxHKH  paKex-HOCHxeaefl  ceMCHcxBa  «Cxapx» 


HaHMenoBaHHe 

«Cxapx-l» 

«Cxapx» 

Hncao  paaroHHbix  /(Y 

4 

5 

CxapxoBaa  Macca 

47  X 

60  X 

22,7  M 

29  M 

/(HaMexp 

1,8  M 

1,8  M 

L _ KoiHCTPVKTHBHafl  CXCMH 

PaKexbi-HocHxenn  «Cxapx-l»  h  «Cxapx»  BKjnoaaiox,  cooxBexcxBeHHo,  aexbipe  h  naxb 
nocaepoEaxeabHo  pacnoaoaccHHbix  paaroHHbix  pBHxaxeabHbix  ycxanoBOX  (flY),  a  xaKxce 
aoBOflOHnyio  pBHraxeabHyK)  ycxanoBKy.  /(BHraxeabHbie  ycxanoBKH  xpex  hh>khhx  paaroHHbix 
cxyneHeft  PH  «Cxapx-l»  (pnc.  1)  npepcxaBaaiox  co6oh  /(Y  cooxBexcxByiomHx  cxyneneH 
MBP  «Tononb».  PaKexa-HOCHxeab  «Cxapx»  (pHC.  2)  oxaaHaexca  BBepeHHeM 
aonoamixejibHOH  )],Y  Meacpy  pBHraxeabHbiMH  ycxanoBKaiviH,  HcnonbsycMbiMH  na  nepBott  h 
BxopOH  cxynenax  PH  «Cxapx-l».  B  KaaecxBe  paaroHHoii  /fY  nocaepHCH  cxyneHH 
Hcnoab30BaHa  opHa  h3  panee  coapaHHbix  h  noaHocxbio  oxpa6oxaHHbix  pBHxaxeabHbix 
ycxanoBOK.  OcoOeHHOcxbio  komhohobkh  PH  ceMeiicxBa  «Cx6Lpx»  aBaaexca  pasMemcHHC  Jjy 
aexBepxoH  cxyneHH  nop  npHKpbixneM  coepHHHxenbHoro  oxceKa,  nxo  no3Boaaex  CHH3HXb 
Maccy  KOHCxpyKHHH  pBHraxena  h,  cooxBexcxBeHHO,  yBenHHHXb  Maccy  noaesHOH  narpyaKH. 

PaKexbi-HOCHxenH  ceMeflcxsa  «Cxapx»  oxaHnaioxca  ox  panee  cospaHHbix 
oxenecxBeHHbix  PH  cjiepyiOLnHMH  ocoSenHocxaMH: 

1 .  B  paaroHHbix  pBHraxeabHbix  ycxaHOBKax  Hcnoabayexca  BapbiBoOesonacHoe 
cMeceBoe  MexajiaocoaepacaEpee  XBeppoe  xonjiHBO  c  bhcokhm  ypeabHbiM  HMnyabCOM. 


lO.C.CoaoMOHOB,  A.n.CyxaaoHbCKHH,  C.M.SHHneHKO,  IO.H.^HpyxHH,  Ahppiouihh  B.H. 


Phc.  1.  PaKexa-HocHTejit  “CTapT-l" 


2 

lO.C.CojioMOHOB,  A.n.Cyxa^ojibCKHH,  C.M.SnHHeHKO,  IO.H.^HpyxHH,  An/^piomHH  B.H. 


□  3  □! 


rOJlOBHOH  6jIOK 

njiaT4)opMa 
CHCxeMa  ynpaBjiCHHa 
ArperaTHBiH  oxceK 

Coe;]iHHHxejii.HBiH  oxceK  5 
naxoH  cxyneHH 
CoeflHHHxejiBHbiH  oxceK  4 

/]|y  nexBepxoH  cxyneHH 

Coe/^HHHXejIBHBIH  OXCCK  3 

BopxoBaa  Ka6enbHaa  cexb 

,Z],y  xpexbeii  cxyneHH 

CoenHHHxejibHbiH  oxcck  2 

fl^y  BxopoH  cxyneHH 

CoCHHHHXeJIbHblH  oxceK  1 

/^y  nepBOH  cxyneHH 

Xbocxoboh  oxceK 


Phc.  2.  PaKexa-HocHxejib  "Cxapx" 


3 

lO.C.CojiOMOHOB,  A.n.CyxaHOHbCKHH,  C.M.Shhhchko,  K).H.;^pyxHH,  An^pioniHH  B.H. 


Kopnyca  KaMep  cropaHHH  BbiriojiHeHbi  m  BbicoKonpoHHtix  h  BbicoKOMO^yjibHbix 
KOMno3HpHOHHbix  MaTepHajiOB,  neHTpajibHbie  conna  HacxHHHO  yxonjicHbi  b  KaMepy  conna. 

Ha  Jjy  nepBOH  cxynenn,  pa6oxaK)meH  na  axMOC^epHOM  ynacxKe  xpacKxopHH, 
ycxaHOBjicHbi  pacKpbiBaeMbie  npH  cxapxe  pemex^axbie  cxa6HJiH3axopbi  h  aapoaHHaMHqecKHe 
pyjiH,  o6ecneHHBaK)iii;He  ynpaBJiaeMocxb  na  nepBbix  ccKyn^ax  nojiexa. 

Ha  BxopoH  H  xpexbeii  cxynenax  PH  «Cxapx-l»  b  KanecxBe  opranoB  ynpaBnenHa 
npHMeHeHbi  ycxpoiicxBa  B^ysa  rasa  b  3aKpHXHHecKyK)  nacxb  conjia,  a  na  nocjieflHeii  cxyneHH 
060HX  paxex  H  Ha  BxopoH  cxyneHH  PH  «Cxapx»  -  noBopoxHbie  ynpaBJiaioiUHe  conjia. 

2.  B  KOHCxpyKHHH  coeaHHHxenbHbix  oxcexoB,  CBaxbiBaion^HX  Meacjiy  co6oh 
paaroHHbie  fljV,  napa/^y  c  ainoMHUHCBbiMH  h  xHxanoBbiMH  cnjianaMH,  npHMeHeHbi 
KOMHOSHHHOHHbie  MaxepHajibi.  Ha  coeflHHHxejibHbix  oxceicax  ycxaHOBjienbi  CHCxeMbi 
/lexoHHpyKimHX  yAJiHHeHHbix  sapaaoB,  Koxopbie  o6ecneHHBaiox  paapbiB  MexaHHnecKHX 
cBaaeH  MeaiBiy  cxyneHaMH. 

3.  Jim  oGecneneHHa  xo^iHoro  BbiBO^a  KA  na  aaflannyio  opSnxy  nexBepxaa  cxyneHb 
ocHamena  ^oboaohhoh  ^BHraxeabHOH  ycxanoBKOH,  npn  paSoxe  KOxopoH  KOMnencnpyioxca 
oniH6KH  KHHeMaxHHecKHX  napaMexpOB,  HaKonjieHHbie  na  woMenx  aaBepmenna  paSoxbi 
pasroHHbix  /ly. 

PaaMeipeHHaa  BHyxpH  pnaHH^ipHnecKoro  arperaxHoro  oxcexa  a;oBo^(OHHaa 
HBHraxejibHaa  ycxanoBKa  coctohx  h3  XBepjioxonjiHBHoro  raaorenepaxopa,  CHCxeMbi 
raaoxoflOB  h  xpex  nap  connoBbix  Ghokob,  paGoxaiomHX  no  «xonKaioiii:eH»  cxeMe.  Hoxok 
nponyKXOB  cropaHHa  Hcxeicaex  b  cxopony,  npoxHBonoaoacHyio  KA,  nxo  HCKJnonaex 
sarpasHeHHe  ero  noBepxHocxH.  ynpaBaenne  noaexoM  ocyipecxBaaexca 
nepepacnpen,eneHHeM  raaoBoro  noxoKa  MeJKfly  conaaMH  c  noMoipbio  KaanaHHbrx  ycxpoHcxB. 

4.  B  pejiax  oCecneneHHa  bbicokoh  xohhocxh  aanycxa  na  PH  npHMeneHa  cHCxeMa 
ynpaBaeHHa  c  HcnoabsoBaHHeM  6opxoBoro  pH^poBoro  BbiHHcaHxeabHoro  KOMnaeKca  h 
npenH3HOHHbix  rHponpnSopOB.  OcHOBHaa  nacxb  6opxoBOH  annapaxypbi  CHCxeMbi 
ynpaBaeHHa  pasMeipena  b  repMexHHHOM  npHSopHOM  oxcexe,  KoxopbiH  ycxanoBaen  BHyxpn 
BbinoaHeHHOH  b  4)opMe  oGpaxnoro  KOHyca  npocxaBKH,  CBaabraaioineH  arperaxHbiH  oxceK  c 
roaoBHbiM  Gjiokom  paKexbi. 

5.  Hcxopa  H3  sapa^iH  nozwepacaHHa  bbicokoxo  yposna  hhcxoxbi  cpepbi,  a  npn 
Heo6xon:HMOcxH  xaicace  aapaHHoro  saKaanHKOM  yxKoro  xeMnepaxypno-BnaacHocxHoro 
pHanaaoHa  b  o6beMe  BOKpyr  KA,  o6xeKaxeab,  apanxep  h  cteMHoe  pHHipe  BbinoaHeHbi  b  BHpe 
epHHoro  repMexH3HpoBaHHoro  o6beMa,  oGpaayioipero  oxpeabHyio  cGoponnyio  epHHHpy  - 
rojioBHOH  6aoK  (pnc.  3  h  4).  Ho  aceaaHHio  3aKa3HHKa  ronoBHOH  6aoK  3anoaHaexca  He 
BoapyxoM,  a  cyxHM  aaoxoM. 

06xeKaxeab  cocxohx  h3  KOHHnecKoro  HaKOHeannKa,  BbinonHCHHoro  h3 
ajHOMHHHeBbix  cnaaBOB,  h  pHaHH/ipoKOHHHecKoro  Kopnyca  h3  KOMnoaniiHOHHbix 
MaxepnajioB.  Ha  cxbiice  HaiconeHHHKa  h  Kopnyca  oGxeKaxejia  ycxaHOBnena  iiHa(|)parMa, 
repMexHanpyioipaa  npocxpaHCXBO  BOKpyr  KA. 

6.  Jiflu  HCKaiOHeHHa  aarpaancHHa  KA  oxpejieHHe  KA  h  c6poc  o6xeKaxeaa 
ocyinecxBJiaioxca  npyacHHHbiMH  xoaKaxeaaMH. 
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Hocoboh  KOHyC 


r  epMCTHSHpyiomaa 
flHa(|)parMa 


OSxeKaTejib 


3oHa  pasMeipeHMB  KA 


IIjTOCKOCTb 

paaflejieHHB 


AaanTep 


Phc.  3.  rojioBHOH  6jiok  PH  “CxapT-l” 
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2300 


Phc.  4.  Fokobhoh  6noK  PH  "CxapT"  c  asyMa  sapiiaHTaMH  oGxeKaTejia 
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lO.C.ConoMOHOB,  A.n.CyxaAOJibCKHH,  C.M.Shhhchko,  lO.H.^jpyxHH,  An/rpTornwH  B.H. 


KA  KpenHTCK  k  nepezi:HeMy  mnaHroyxy  KOHH’qrecKoro  aj^anxepa  xpena 
6e3HMnyjibCHi>iMH  nHpoxexuHHecKHMH  aaiviKaMH  h  xpena  HanpaaaaiomHMH  mxHpaMH, 
BocnpHHHMaioinHMH  ncpepesbiBaiomHe  narpysKH.  /]|Ba  npyacHHHbix  xojiKaxejia 
o6ecneHHBaiox  ox^ejiCHne  oGxeKaxejia.  B  cxaH^apxHOH  cxene  PH  oxaeaenae  KA 
ocyraecxBjiaexca  aexbipbMa  npy>KHHHbiMH  xoHKaxeaaMH. 

OSxexaxeab  saKpenaea  aa  6a30BOM  mnaaroyxe  6  aapoxexaaaecKHMH  paspbiBBbiMH 
GoaxaMH.  /]|aa  acKaioaeaHa  coy^tapeaaH  apa  cxo^e  oGxexaxeaa  aa  GaaoBOM  maaaroyxe 
saKpeaaeabi  ^Be  aaapaBaaioa]:He  aanaoH  OKoao  600  mm  c  ycxaaoBaeaabiMH  aa  aax 
npyxcHHHbiMH  xoaKaxeaaMH,  a  aa  oGxeKaxeae  ycxaaoBaeabi  oaopabie  ysabi  c  poaaKaMH, 
KOBxaKXHpyK)^^HMH  c  3XHMH  aa^paBaaK)a^HMH. 

7 .  B  aeaax  aaataxbi  ox  aeGaaroapaaxabix  KocMaaecKHx  BoafleacxBHH  a 
MexaaaaecKHX  nospe^AeBaa  paKexbi-aocaxeaa  ceMcacxBa  «Cxapx»,  aaaaBaa  c  BbiBosa  c 
saBoaa-aaroxoBHxeaa  a  ao  nycxa,  bocxohbbo  aaxoaaxca  aayxpa  BbiBoaaeaBbix  as 
KOMBOsaaaoBBbix  MaxepaaaoB  xoacxocxeBBbix  xpaacaopxBO-aycKOBbix  KoaxeaBepoB 
(THK). 

II.  CxeMa  d)VBKmH0HHP0BaHHH  B  noaexe 

B  cooxBCxcxBaa  c  npaaaxoa  cxcMoa  SKcaayaxaaaa  PH  b  THK,  acxoaa  as  cbobcxb 
XBepaoxoaaaBBbix  a  c  yaexoM  peaaasapaa  paaa  Mepoapaaxaa  no  CBaxceaaio 
BosaeacxBBa  aa  KA  a  noBbiaieaaio  xoaaocxa  BbiBefleaaH,  cxcMa  ^yaKpaoBapoBaBaa  PH 
ceMCBcxBa  «Cxapx»  b  riojiexe  xapaKxepasyexca  cjiepyioni;HMB  ocoGenaocxaMB: 

1.  Hpa  apoBeneaaa  npepcxapxoBbix  onepaaaa  PH  aaxonaxca  b  ropasoaxajibaoM 
nonoHceaaH.  HopbCM  THK  c  PH  b  BepxaKiajibaoe  aoJioaceBae  ocyaiecxBjiaexca  b  nocjienBioio 
Maayxy  nepep  cxapxoM. 

PaKexa  BBiGpacBiBaexca  as  THK  paBjicaaeM  npopyaxoB  cropaaaa  cnen;aajibaoro 
cxapxoBoro  nopoxoBoro  ajCKyMynaxopa  paBneaBH.  HpopojibBbie  neperpysKB  apa  pBaaceaBB 
PH  B  THK  Be  npeBbnnaiox  4.  3anycK  nepBoa  cxyneaa  apoasBopaxca  nocne  nonaoro 
Bbixopa  PH  as  THK. 

2.  Bee  pasroBBbie  pBaraxeabBbie  yexaaoBKa  paGoxarox  po  nojiaoro  Bbiropaaaa 
xonjiasa,  npa  sxom  npoAOJixcaxejibBocxb  paGoxbi  Kaaepoa  /^Y  cocxaBjiaex  okojio  Manyxbi. 

3.  ^jia  nocxaxceaaa  Bbicox,  cooxBexcxByroniax  ponyexaMOMy  no  ycaoBaaM 
ynpaBJiaeMocxa  ypoBaio  CKOpocxaoro  aanopa  apa  paspeaeaaa  aepBoa  a  Bxopoa  exynenea  c 
MBBaMajibBbiMB  GajuiacxBBecKaMa  noxepaMa  apa  peanasapaa  xpaeKxopaa,  GnasKax  k 
onxBMajibBbiM,  npaMeaeaa  GajinacxaaecKaa  «nay3a».  Hocae  oKOBaaaaa  paGoxbi  ^  nepBoa 
cxyneaa  PH  b  xeaeaae  10-20  c  aexax  c  aepaGoxaioaiiBMa  /^Y. 

4.  B  aeaax  pocxaxceaaa  pocxaxoaabix  bbicox  opGax  KA  b  cxcMy 
4)yBKaBoaapoBaBaa  BBepena  Bxopaa,  ocaoBaaa  «nay3a»,  nepep  sanycKOM  pasroanoa 
nocaepnea  exynena  PH  npopoaxcaxeabaocxbio  po  10  Maayx  (b  sasacaMoexa  ox  bhcoxh 
neparea  opGaxbi  KA).  «nay3a»  no3Bo.aHex  apa  CBOBCxseBBoa  XBeppoxonaaBBbiM  paxexaM 
BbicoKoa  xaroBoopyxeeaaoexa  oGecneaaxb  Bbicoxy  saBepaieBaa  pasroBaoro  yaacxKa  a 
cooxBexcxBeaao  neparea  opGaxbi  KA  b  paanasoae  300-1500  km. 

HeoGxoaaMoe  yraoBoe  noaoaceBae  a  pasBopoxbi  PH  Ha  «nay3e»  oGecneaaBaioxca 
saaeacxBOBaBHCM  ycxaBOBacBBoa  b  paaoae  conaa  ^Y  aexBepxoa  cxyneaa  rasopeaKxaBBoa 
cHcxcMbi  opaeaxapaa  (FPCO). 
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lO.C.CoaoMOBOB,  A.H.CyxapoabCKaa,  C.M.SaaaeBKo,  KD.H.iaCapyxHB,  Aapproniaa  B.H. 


5.  Hcxofla  H3  Heo6xoflHMocTH  rapaHTHpoBaHHOH  aaipHTM  KA  ot  CHJioBoro  h 
TenjiOBoro  Boa^eHCTBHa  HaGeraiomero  noToxa  c6poc  o6TeKaTejifl  npoHSBOflHTca  npn 
flocTHHCHUH  BBicoTBi  Gojicc  150  KM  Ha  yHacTKC  ocHOBHOH  «nay3bi». 

6.  BKHioHCHHe  paaroHHOH  JXY  nocjieAHeH  cxynenn  npoH3Bo;iHTCfl  no  oKOHnaHHH 
OCHOBHOH  «nay3bi»  npn  /iocthhcchkh  bbicotm,  6jih3koh  k  nepHreio  sa^aHHOH  opSHXLi.  Ha 
ynacxKC  paOoxw  bxoh  ^  ;];ocxHraioxca  nanGojibuiHe  BHaneHM  npoflOJiMOH  neperpyBKH  - 
ox  7,3  flo  9,8  npH  Macce  KA  ox  400  ^^o  100  kt  cooxBexcxBCHHo. 

7.  Hocjie  oKOHHaHHs  ochobhoxo  ynacxKa  paOoxw  paaroHHOH  nocjie^;HeH 

cxyncHH  c  xanepxcKOH  ho  5  ccKynn,  hcoOxohhmoh  H-xa  BbipaOoxKH  ochobhoh  nacxH  ocxaxKOB 
xoHJiHBa  3XOH  xanycKBCxca  HOBOHonnaa  /l,y,  xaKxce  paOoxaiomaa  ho  hohhoxo 

BbiropaHHa:  xonHHBa,  npn  3tom  hsOhtok  xonHHBa  hobohohhoh  JfY  BbipaOaxwBaexca  npn 
Hbhhcchhh  PH  B  HanpaBHCHHH,  nepncH^HiKyHapHOM  hhockocxh  opOnxbi  KA. 

8.  JJ^nsi  yMCHBiucHHa  BosMyineHHH  KA  oxHcnaeTca  ox  PH  c  aanepHCKOH  okoho  30  c 
no  oxHomeHHK)  k  OKOHnainiK)  paOoxbi  hobohohhoh  /ly.  Jinn  ynpaBHCHHa  yraoBbiM 
HOHOHCCHHeM  PH  H,  B  HHCXHOCXH,  H-Xa  npHHaHHa  KA  SanaHHOH  OpHCHXaHHH  K  MOMCHXy  ero 
oxHCHCHHa  ox  PH  B  KOHpe  ynacxKa  cnana  xarn  hobohohhoh  JtY  npoHXBOHHXca  noBxopnoe 
BIOHOHCHHe  rPCO. 

BpcMCHHOH  HHxepBaH  OX  KOHHa  paGoxbi  paaroHHOH  /]|Y  nexBepxoH  cxyncHH  ho 
oxHcacHHa  KA  He  npeBbimaex  400  c. 


III.  PacnojiaraeMaa  nojieBHag  narpvBKa  h  MexaHHHccKHe  BOXHeHCXBHH 

Hcxona  h3  3HeprexHHecKHX  bosmohchocxch  PH  «Cxapx-l»  Moacex  bbibohhxb  Ha 
KpyroBbie  npnnoHapHbie  opOnxbi  bbicoxoh  200-1000  km  KA  MaccoH  nopxHKa  490-100  kx 
cooxBexcxBCHHo  (xbOh.  2),  a  PH  «Cxapx»  Moacex  BbmecxH  KA  mbccoh  nopanKa  635-210  kx 
(xaGji.  3). 

Hpn  BbiBeneHHH  na  opOHXbi  c  HaKHOHCHHCM  76°  c  kocmohpomh  HaecenK  hhh  56°  c 
KOCMOHpoMa  CboOohhmh  Macca  KA  Moacex  6bixb  yBeHHHena  Ha  30-50  kx. 

B  xaBHCHMOCXH  OX  xa6apHXOB  KA  na  PH  «Cxapx»  Moxyx  npHMenaxbca  Hsa  Bapnanxa 
xoHOBHOxo  GaoKa,  oxaHHaK)ni;Hxca  nnaJMexpoM  h  hhhhoh  oGxexaxeaa  (pHC.  3  h  4). 

Ta6aHu;a  2 

HoaesHaa  naxpyaxa  PH  «Cxapx-l»  npn  BbiBeneHHH  KA  Ha  KpyxoBbie  opGnxbi) 


ToHKa  cxapxa 

i\H,  KM 

1000 

800. 

600 

400 

200 

3KBaxop 

377 

485 

742 

189 

278 

378 

493 

98°  (CCO)  ^ 

86 

165 

250 

347 

458 

P<I>  (HaeceqK) 

"76° 

137 

220 

314 

418 

535 

COJIHeMHO-CHHXpOHHafl  op6HTa 
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Ta6mua  3 

noJiesHaa  HarpysKa  PH  «CTapT»  npii  BbisefleHHH  KA  Ha  nojiapHBie  opShtbi  (i=90°) 


ToHKa  cxapxa 

i\H,  KM 

1000 

800 

600 

400 

200 

3KBaxop 

440 

555 

675 

800 

935 

90*^ 

215 

315 

415 

525 

640 

PO 

90^" 

212 

312 

412 

521  1 

635 

B  npopecce  cxapxa  paKexbi  h  b  nojiexe  neperpysKH  b  sohc  ycxanoBKH  KA  ne 
npeBbmiaiox  SHaneHHH,  npe^(cxaBJieHHbix  b  xa6ji.  4  h  5  ;i;j][a  PH  «Cxapx-l»  h  «Cxapx» 
cooxBexcxBCHHo  (MBcca  KA  240  kx). 

TaOjiHpa  4 

HojiexHbie  neperpyaiCH  /ijih  PH  «Cxapx-l» 


yqacxKH  nonexa 

llvbzl 

1 .  HoabCM  THK  H  cxapx 

2,8 

2.  Pa6oxa  TtV  nepBofi  cxynenH 

5,15 

0,7 

3.  Pa6oxa  BxopoH  cxyncHH 

6,5 

0,6 

4.  Pa6oxa  Jiy  xpexbCH  cxyncHH 

6,5 

0,4 

5.  Pa6oxa  FPCO 

0 

6.  Pa6oxa  /ly  nexBepxoH  cxyncHH 

9,0 

0,5 

7.  Pa6oxa  /ly  /i,obo;];ohhoh  cryncHH 

0,1 

0,03 

HojiexHbie  neperpysKH  fljia  PH  «Cxapx» 


TaOjiHpa  5 


ynacxKH  HOJiexa 

HeperpysKH 

nxi 

Wvljzl 

1 .  no^ibCM  THK  H  cxapx 

2,3 

2,0 

2.  Pa6oxa  Jiy  nepBOH  cxyncHH 

3,3 

0,5 

3.  Pa6oxa  /ly  BxopoH  cxynetm 

4,4 

0,5 

4.  Pa6oxa  Jiy  xpexbefi  cxyncHH 

6,4 

0,3 

5.  Pa6oxa  Jjy  nexBepxoii  cxyncHH 

6,3 

0,15 

6.  Pa6oxa  FPCO 

0 

<0,01 

7.  Pa6oxa  Jiy  naxoH  cxyncHH 

8,0 

0.1 

8.  Pa6oxa  ,ZI^y  ;i;obo^ohhoh  cxyncHH 

0,05 

0,01 

BHQpauHOHHbie  h  yziapHbie  Bos/ieHcxBHa,  xenjioBbie  peacHMbi  h  nponne  BoaaeHcxBHa 
Ha  KA  npH  naseMHOH  no^roxoBKe  h  b  nojiexe  npHBe;^eHbi  b  cnpaBOHHHKax  nojibsoBaxejia^’^. 


9 
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IV.  PaKeTHO-KocMHqecKiae  KOiyinjucKCM  ccMeiicTBa  MCTaDT“.  OcoSchhocth 
3K(;njivaTaMHH  h  npHMCHeHHH. 

PaKexHO-KocMHHecKHe  KOMnjieKCbi  ceMeiicTBa  „CTapT“  HBJiaioTca  nepBbiMH 
TpaHcnopTa6enbHbiMH  CHCxeMaMn  ^aHHoro  HasHaHCHHa.  B  cocxaB  axHX  KOMnjieKCOB  hombmo 
PH  Bxoaax  oOopyaoBanHH  fljia  xpaHcnopxHpoBaHHa  PH  h  aneMeHXOB  KOMnjieKca,  a  xaxace 
nycKOBoe  h  xexHonoxHHecKoe  oGopyaoBaHHc,  oSecneHHBaiomee  pa6oxbi  no  cxbiKOBKe  KA  c 
PH,  npencxapxosyio  nonroxoBxy  n  nycK  paxex. 

MnHHMajibHbiH  ypOBCHb  xpeSoBaHHH  paKexno-KOCMHHecKHx  KOMnjieKCOB  ceMencxBa 
„Cxapx“  K  naseMHbiM  coopyacennaM  o6ecneHHJi  BOSMoacnocxb  cBoeBpeMennoro 
ocymecxBjienna  Hm  „KoMnjieKc“  nepBoro  sanycxa  PH  c  hoboxo  poccnncKoro  KocMoapoMa 
CBoGonHbiH.  OpaKXHKa  coBMCCxHoro  c  PBCH  ocBoenna  axoro  KocMO^poMa  noxasajia,  nxo 
npn  cosnaHHH  HH^pacxpyKxypbi  KOCMonpoMa  KpnxHHHbiMn  no  BpeMenn  a  saxpaxaM 
aBitaioxca  xpeGoBanna,  npenbaBnaeMbiMH  co  cxopoHbi  KOCMnnecKoro  annapaxa. 

PaKcxHbiMH  BOHCKaMH  cxpaxexHnecKoro  HasHanenna  nna  npoBenenna  paGox  c 
MajioraGapnxHbiMH  KA  npn  nonroxoBKe  nx  k  nycxy  c  KOCMO^ipoMa  CBo6o;i;Hbffl  Bbi^eneno 
cnennajibHoe  coopyacenne  -  xexnnnecKaa  nosnnna  KA,  rne,  b  xom  nncne,  Moacex 
npoBonnxbca  nonroxoBKa  k  nycxy  KA,  xpeGyioniiHX  bhcokoxo  Kjiacca  nncxoxbi.  HTH, 
„KoMnjieKc“  pacnojiaraex  b  3xom  coopyacennH  „nHCX0H  KOMnaxon"  c  BOSMoacnocxbio 
oGecnenenna  KJiacca  nncxoxbi  ox  100  000  10  000  no  Oe^^epajibnoMy  cxannapxy  CIIIA 

FED  STD  209E: 

B  oxjinnne  ox  panee  cosnannbix  jiexKHX  PH,  PH  ceMencxBa  «Cxapx»  ne  con;epacax  b 
CBoeM  cocxase  xoKcnnnbix  n  arpeccHBHbix  KOMnonenxoB  xonJiHBa.  3xo  ncKjnonaex 
CBOHCxBennoe  acnnKocxnbiM  HOCHxejiaM  cncxeMaxnnecKoe  sarpaaneHne  mccxhocxh 
ocxaxKaMH  HecHMMexpnnnoro  nnMexHJirnnpaanHa  („renxHJia“)  n  aaoxHon  khcboxh, 
coflepacaxanMnca  b  oGbCMax  okojio  coxen  nnxpoB  b  Gaxax  nBnraxenen  acnnKOCxnbix  PH. 


V.  IIpaBOBoe  oGecneHCHHc  paapaSoxKH  a  npHMCHCHHH  PH  ccMCHCTsa  «CTapT“ 

npoBenenne  aanycKOB  PH  c  HcnoabSOBanneM  MaxnacxH  MeacKOHxnneHxajibHbix 
KOMnjieKCOB,  no^(jieacainHx  ynexy  no  corjiainenna  o  coKpaineHHH  cxpaxernnecKHX 
BoopyaceHHH,  noxpeGoBajio  oGecnenenna  cooxBcxcxByioinero  Meay^ynaponHO-npaBOBoro 
peacHMa,  hto  Gbuio  flocxHrnyxo  no  nxoraM  XI  ceccnn  Cobmccxhoh  komhcchh  no 
HaGjnoneHHK)  n  HHcneKnnaM  nonnHcanneM  28  cenxaGpa  1995  r.  cobmccxhoxo  saaBiienna 
Ffo  21  „0  KOCMHnecKHX  HOCHxejiax“. 

Ha  xeppnxopHH  Pocchhckoh  Oeflepannn  npasoBon  xapaKxep  neaxejibnocxn  no 
coanaHHK)  H  npHMeHennio  PH  ceMencxBa  „Cxapx“  onpenejiaexca  cooxBexcxByioinnMH 
PacnopaacennaMH  n  nocxanoBjicHnaMH  Hpaanxeabcxsa  P<D. 

OGecnenenne  Konxpojia  KanecxBa  PH  n  naseMHoro  oGopynoBanna,  GesonacnocxH 
npoBonHMbix  paGox,  ocyn];ecxB.iieHHe  OKcnepxna  npocKxnbK  MaxepnajiOB,  peayjibxaxoB 
naaeMHOH  oxpaGoxKH  n  openKH  aKonornnecKon  Geaonacnocxn,  a  xaxace  BbwaHa  aaionoHennH 
o  roxoBHOcxH  K  nycKy  Bosnoaceno  na  Eocynapcxaennyio  komhcchk),  oGpaaoBannyio 
PenienneM  HpaBnxejibcxBa  PO. 

/^JIa  npoBenenna  paapaGoxKH  PH  n  ocymecxBJienHa  aanycKa  KA  Pocchhckhm 
KOCMHHecKHM  arcHxcxBOM  B  ycxaHOBJicHHOM  nopa^Ke  Bbinanbi  cooxBcxcxByiornHe  annenaHH. 
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VI.  Pe3v.)ii»TaTbi  EipoBeaeHHbix  nvcKOB  PH  ccMeiicTBa  „CTapT“ 


OcHOBHbie  xexHHHecKHe  pemeiHua  h  xapaKxepHCTHKH  PH  «Cxapx-l»  noj^xBepacaeHH 
nepBbiM  fleM0Hcxpami0HH0-HcriLixaxejii.HbiM  sanycKOM  25  Mapxa  1993  r.  c  KOCMO/^poMa 
HjiecepK  paKexbi-HocHxeaa  c  pa3pa6oxaHHbiM  HTL(  „KoMnjieKC-MHT“  aKcnepHMCHxajibHbiM 
KA  (3KA-1).  B  xo/^e  aKcnepHMCHxairbHoro  nycxa  c  xoro  ace  KOCMO^i;poMa  naxHCxyneHHaxoH 
PH  «Cxapx»  28  Mapxa  1995  r.  HecMoxpa  Ha  Hey^any  c  BbreoaoM  Ha  opSnxy  KA,  6binH 
ycneuiHO  oxpa6oxaHbi  HOBbie  ocHOBHbie  ajieMenxbi  naHHoii  PH,  b  nepsyio  onepenib, 
/i;BHraxejn>Haa  ycxanoBKa  Bxopoia  cxyncHH. 

HojiHocxbK)  ycneniHo  npouuiH  iiocjieflyiomHe  pfia  SKcnjiyaxapHOHHbix  nycxa  PH 
«Cxapx-l»  c  HOBoro  poccHHCKoro  icocMoxcpoMa  CboGohhbih,  ocyni;ecxBJieHHbie  bo 
HcnojiHeHHe  VKasa  HpesHACHxa  PO  ox  1  Mapxa  1996  r.  (xa6ji.  6): 

•  B  cooxBexcxBHH  c  OeflepajibHOii  kocmhhcckoh  nporpaMMofi  Pocchh  4  Mapxa 
1997  r.  Ha  sa^^annyio  opGnxy  no  saxasy  PBCH  (BoeHHo-KOCMHHecKHe  chjibi)  6biJi 
BblBeflCH  KOCMHHeCKHH  aHHapaX  «3eK»,  C03flaHHbIH  HHO  npHKJia^HOH  MCXaHHKH, 
r.  KpacHoapcK. 

•  24  HexaGpa  1997  r.  yciieuiHo  npoBCflen  aanycK  bh^oboxo  kocmkhcckofo 
annapaxa  «3pjiH  Bep;i;-1»  (EarlyBird-1),  CIIIA,  BbinonHeHHbm  b  paMxax 
poccHHCKO-aMepHKancKOH  KOMMepnecKOH  nporpaMMbi  (^HpMbi  «3pc  Voxh)) 
(Earth Watch),  CfflA,  h  HTlJi  “KoMHJieKc-MHT”. 


TaGjrana  6 


/l^aHHbie  o6  3KcnjiyaxapHOHHbix  nycKax  PH  «Cxapx-l» 


HoMep 

nycKa 

fl,aTa  HycKa, 
KOCMOapOM 

Tan  PH 

Tan  nH**> 

PesyjibTax  nyexa 

1 

04  Mapxa  1997  roaa, 
CboSoahwh, 
AMypcKaa  o6ji.  PO 

«CTapT-l» 

HaBHXaHHOHHO-CBHSHOH  KA 
«3ea»  BoeHHO-KocMHHecKHX 

CHJI  pep  (COJIHCHHO-CHHXpOHHafl 
opOHxa) 

IIOJTHOCTbK) 

ycneuiHbiM 

2 

24  fleKaOpa  1997  rofla, 
CBoOoflHfciii, 
AMypcKas  o6ji.  PO 

«CTapT-l» 

KA  OTCxaHHHOHHoro 
SOHflHpOBaHHa  3eMJlH 

EarlyBird,  CUIA  (cojihchho- 
cHHxpoHHaa  opOma) 

riOJIHOCTblO 

ycneiuHbm 

Hpn  ocyn];ecxBJieHHH  aanycxa  6bm  nonxEepacHCH  BbicoKHH  ypoBCHb  xohhocxh 
BbiBenenHa  KA  na  saaaHHyio  opdnxy.  OxKJioHeHHa  napaMCxpoB  op6HXbi  ox  pacnexHbix  b 
HaHHbDc  nycKax  nojiyHCHbi  c)Hii;ecxBeHHo  MCHbnie,  hcm  axo  Gbuio  aaaBjicHO  b  npocKXHbix 
xapaxxepHCXHKax  xohhocxh  (xa6n.  7) 


nojiesHaa  narpysKa 
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lO.C.CojiOMOHOB,  A.n.CyxaHOJibCKHH,  C.M.Shhhchko,  lO.H.l^CHpyxHH,  AnApiomHH  B.H. 


Ta6jiHita  7 


ToHHocTHtie  noKasaTCJiH  PH  «CTapT-l»  no  peayjifcTaxaM  oKcnjiyaxannoHHbix  nycKOB 


PacnexHbie 

napaMexpbi 

(HOMHHari) 

,ZI|onycxHMbie 
oxxjioneHHa  (2,7  a) 

OaxxHHecKHe 

oxKJioneHHa 

«3eH» 

Cpe^naa  Bbicoxa 

490,4  KM 

±  5  XM 

-1,4  km/+0,9  km 

HaxjioneHHe 

97,27" 

HepHo^l  oSpanienna 

5647,8  cex 

±  2,5  cex 

-0,16  cex 

EarlyBird-1 

Cpennaa  Bbicoxa 

479,2  XM 

±  5  XM 

+0,1  km 

HaxjiOHCHHe 

97,30" 

Hepnoff  oSpaincHHa 

5642,7  cex 

±  2,5  cex 

0,0  cex 

VI.  nepcneKTHBbi  ja.iii>Heftmeii  aKcnjiyaxauHH  PH  ceivieftcTBa  wCxapT** 

B  Hacxoaniee  BpeMa  aaRjironeHti  KonxpaKXbi  c  3apy6e»CHbiMii  saKaannKaMH,  na 
ocHOBaHHH  Koxopbix  HpeflycMaxpHBaioxca  sanycKH  cnyxHHKOB  c  KocMoapoMa  CBo6oflHi.r0  b 
1999  rr. 

Be;^excfl  aKXHBnaB  npeflKOHxpaKxnaa  pa6oxa  c  pH^^OM  3apy6e»CHi.ix  Ha 

npoBeflCHHe  aanycKOB  KA  PH  ceMeiicxBa  „Cxapx“,  KaK  c  poccnncKOH  xeppnxopHH,  xaK  h  c 
xeppnxopHH  cxpaHH-3aKa3HHKa,  BKJHonaa  paaMemenne  MHoronejucBbix  xpancnopxaSejibHbix 
paKCXHO-KOCMHHeCKHX  KOMUJUeKCOB  HB  CymCCXByiOmHX  HJIH  BHOBb  C03flaBaeMbIX 
3apy6eacHbix  KocMo^poMax. 

PH  ceMCHCXBa  „Cxapx“  flOBcaenbi  ao  cxa^nn  KOMMepnecKOH  aKcnjiyaxaiinn  n  Moryx 
6bixb  HcnojibsoBaHbi  b  KanecxEe  cpe^cxsa  sanycxa  MajioraSapnxHbix  KA  kbk  ochobhoh 
narpysKH  c  pocchhckhx  KOCMOflpoMOB  HjieceuK  h  CboSoahbih,  a  xaxace  c  xeppnxopHH 
cxpaHbi-saKasHHKa  b  cnjiy  xpaHcnopxa6ejibHocxH  KOMnnexca. 

B  Hacxoamee  BpcMa  xojibKO  PH  ceMencxBa  „Cxapx“  npn  paaMemennH  na 
KOCMOflpoMe  CBo6oB;HbiH  o6ecnenHBaK)x  BOSMoacnocxb  BbiBe;];eHHH  MKA  na  cojihchho- 
CHHxpoHHbie  opGnxbi  c  poccnncKon  xeppnxopnn,  xax  Kax  aanycx  KA  na  oxojionojiapHbie 
op6HXbi  c  HcnojibBOBaimeM  npnMenaeMbix  c  xocMOflpoMa  Hjieceiiix  apyrnx  PH  conpaxcen  c 
npoxoa^enneM  xpaccbi  noaexa  b  onacnon  6jih30cxh  ox  xpynnbrx  Haceaennbix  nynxxoB. 

Bbicoxaa  cxenenb  toxobhocxh  x  nycxy  PH  ceMencxBa  „Cxapx“  cnoco6cxByex  nx 
npHMeHeHHK)  b  nejiax  onepaxHBiioro  BOccxanoBjicHna  rpynnnpoBxn  KA  b  cjiynae  Bbixo^a  h3 
cxpoa  oflHoro  h3  cnyxnnxoB  xocMnnecxon  cncxeMbi. 

Bo3M02CHocxb  ocymecxBneHHa  aanycxa  Majibix  KA  na  PH  ccMencxBa  „Cxapx“  b 
xanecxse  nonyxnon  narpysxn  Moxcex  6bixb  yxoHHena  nocjie  ^JopMEpoBanna  xexHnnecxoro 
oGanxa  n  xapaxxepncxHX  axnx  KA  na  ocHOBannH  najibHenmeH  xoHxpexH3anHH  rnianoB 
sanycxoB  sxhmh  PH  ocnoBHbix  noaesHbix  narpysox. 

B  nacxoamee  BpcMa  c  o;^o6peHHa  HpaBnxejibcxBa  Pocchhcxoh  Oej^epannH  coasana  c 
ynacxHeM  PKA  n  HTH,  "KoMnnexc-MHT"  xoMnanna  "HycxoBHe  ycnyrn".  PacnopaxcenneM 
ripaBHxejibcxBa  Pocchhcxoh  Oe^epainiH  Ks  838-p  ox  24  Hiojia  1998  rona  na  xoMnaHHio 
"HycxoBbie  ycnyrn"  bosjioxccho  npoBcncHHe  pa6ox  no  oGbe^ansenHio  ycHJiHH  fljia 
npoflBHXceHHa  na  MejKflynaponnoM  pbmxe  ycjiyr  c  HcnojibBOBanHCM  paxex-HOCHxejien 
ceMeiicxBa  "Cxapx"  h  "Kocmoc"  no  aanycxy  Majiora6apHXHbix  cnyxnnxoB  MHpnoro 
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lO.C.CojioMOHOB,  A.n.CyxaflonbCXHH,  C.M.Shhhchxo,  KD.H.^^Hpyxnn,  AHj^piomnn  B.H. 


HasHaqeHM,  b  tom  hhcjic  b  KanecTBC  nonyxHBix  narpyaoK  npn  sanycxe  kocmhbcckhx 
annapaxoB  no  (DeaepajiBHon  KOCMnnecKon  nporpaMMe  Pocchh  h  b  HHxepecax  MnHHCxepcxBa 
o6opoHBi  Pocchh,  a  xaicxce  npHanencHHe  hhbccxhhhh  fljia  paaBHXHa  npe^^npHaxHH  paKcxHo- 
KOCMHnecKOH  oxpacjiH  -  ynacxHHKOB  npoexxa  no  sanycxy. 

Bonpocbi  no^iroxoBKH  paKex-nocHxejieH  h  nascMHOH  HH4)pacxpyKTypbi,  Bbwana 
saKjnoneHHH  o  toxobhocth  k  nycxy  6yn,yx  oSecneHHBaxbca  bo  BsaHMO/^eHcxBHH  c 
MHHo6opOHbI  PO  H  npyrHMH  BCflOMCTBaMH  H  HO  SaiCJIIOHaeMblM  flOrOBOpaM  c  KOOnepaHHCH 
npe/inpHaxHH  npoMbnnneHHOcxH. 

Bojiee  no/^poSnyio  HHc^opMannio,  xacaioniyioca  opraHH3an;HOHHbix  BonpocoB 
npoipaMM  sanycKa  KA,  a  xaK>Ke  AexajieH  conpaacenna  KA  h  PH  ceMCHCxBa  „Cxapx“, 
BosflCHcxBHH  Ha  KA  npH  HascMHOH  no^roxoBKC  H  B  nojiexe  MoacHO  Han'ra  b  BBinymeHHMx 
cnpaBOHHHKax  nojibsoBaxena*’^  hhh  noji5^HX&  npn  HenocpeflcxBCHHbix  KOHxaKxax  c  0(^hcom 
KOMnaHHH  "HycKOBbie  ycnyra"  h  "HTD;  KoMnjiCKc-MHT". 

Hctohhhkh: 

1 .  START- 1  LAUNCH  VIHICLE  USER'S  HANDBOOK,  STC  COMPLEX 

Confidential  Property.  Version  5.01,  Moscow,  Russia,  1994. 

2.  START-1  LAUNCH  VIHICLE  USER'S  HANDBOOK,  STC  COMPLEX 

Confidential  Property.  Version  5.1 1,  Moscow,  Russia,  1995. 
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lO.C.CojiOMOHOB,  A.n.CyxanonbCKHH,  C.M.Shhhchko,  IO.H.:*:HpyxHH,  Ah^piouihh  B.H. 


Abtopm; 

1.  ConoMOHOB  lOpHH  CeMeHOBHH,  j^oKTOp  TexHH[HecKHx  HayK,  npo4)eccop, 
aKazi;eMHK,  ji;HpeKTop  h  renepajibHbiH  KOHCxpyKTop  m  “MHT” 

2.  CyxajionbCKHH  AiieKcaHflp  nerpoBHH,  axazieMHK,  saiviecTHTejib  renepajibHoro 
KOHCxpyKTOpa  rn  "MHT" 

3.  Shkhchko  CeprcH  MHxafijioBHH,  aKaflCMHK,  reiiepajibHbiH  anpeKTop  3AO 
“IlycKOBbie  ycjiyTH” 

4.  :^HpyxHH  lOpHH  HHKonacBHH,  KaHflH^^ax  xexHHHecKHX  HayK,  cxapmHH  HayHHbm 
coxpyj^HHK,  xexHHHecKHH  aHpcKxop  3AO  “HTL(  KoMHJieKC-MHT” 

5.  AHflpiomHH  Bhkxop  MBanoBHH,  KaHflHflax  xexHHHCCKHX  HayK,  aKafleMHK, 
saMecxHxejib  renepaiibHoro  jpipeKxopa  3AO  "IlycKOBbie  ycjiyra" 


riepcneKTHBHbie  MHoropasoBue  a3po-6ajiJ]HCTH<iecKHe 
H  a3po-KocMHHecKH[e  op6HTajibHbie  H  cy6op6HTajibHbie 
piuceTHO-KaciviHqecKHe  cucreMbi  JierKoro  KJiacca. 

JI.M.BacHUbeB,  A.H.HjibHH,  LH.B.CojioBbCB 
qHHHMam 

141070  r.KopojicB.MocKOBCKaa  o6jiacTb 
yji  llHOHepcKafl,  4 

tt'aKc:  (095)  513  5420,  (095)  513  4400 

PaccMaxpHBaioTCH  3Hq)ro  -MaccoBbie,  nerHO-TexHimecKiie  h  tcxhuko- 
3KOHOMHqecKHe  xapaKTepHCTHKH,  a  xaioKe  B03Mo:»cHbie  o6jiacTH  npHMeHemia 

•  a3po-6arDiHCTH*iecKHx  (6ajniH[CTH*iecKHH  paKCTHbES  ycKopHxejib  - 
luiaHHpyiomHfi  rHnq>3ByKOBOH  .neraxejibHbifi  annapax), 

•  aBpo-KocMiraecKHx  (cHcreMbi  BbroezceHHa  aBHanHOHHoro  cxapxa, 
HcnojibxyiomHe  noabeMHyio  cmiy  na  oxaejibHbix  yqacxKax  nonexa) 
MHoropaaoBbix  paKeimix  chcxcm  Jiencoro  Kuacca. 

K  HHM  M05KHO  OTHeCTH  ; 

-  MHoropaaoBbiH  oaHoaryneKraaxbiH  HocHxejib  c  B03BpaxoM  b  panoH 
cxapxa  c  op6HXbi  HC3  no  ojwoBirrKOBOH  cy6op6HxajibHOH 
nnaHHpyiomeH  xjjaeKXopatH, 

-  aapoSaiiJiHCXMnecKyio  paKemyio  cncxcMy  cocxoamyio  H3  Sajinnc- 
xii'ii^cKoro  paKexHoro  ycKOpnxejia  n  rHnq)3ByKOBoro  njiaHnpyio- 
mero  JiexaxeJibHoro  amnapaxa  c  6oiibniHM  aapoaxiHaMHraecKHM 
KaqecxBOM  K  »  3, 5-4,0, 

-  o^tHocxyneHqaxbiM  xpai^icnopxHO-nacca^cBpcKHH  paKexoiuiaH  mok- 
KOHXHHCHXaJIbHOH  H  rjIo6aJIbHOH  aaJIbHOCXH, 

-  paKexHO-KocMHqecKHc  chcxcmw  aBHannoHHoro  cxapxa  c  ao-  huh 
CBepx3ByKOBoro  caMOjiexa-HOCHxejia. 

npHBeaeHbi  H  npoaHaiiH3H{>OBaHHbi  npoeicxHbie  paapaBoxKH  h  kohcx- 
pyKXHBHo-KOMnoHOBoqubie  cxcMbi  paaxiHqHbix  aapoKOCMHqecKHX  chcxcm. 
OrMeHCHa  BoaMoacHOCTb  co3ztaHHH  na  hx  6a3e  noiniocxbio  MHoropaaoBMX 
paKexHbix  KOMroicKCOB.  PaccMorpcHbi  bosmomchocxh  npHMeneHHa  xaKHX  chcxcm 
fljia  rao6ajibHbrx  xpaHcnopxHo-naccaacHpcKiix  onej>anHH  h  KOCMHqecKoro 
rypH3Ma. 

npoaHaiiH3HpOBaHbi  npoOircMbi  coaaaHiia  aapoKOCMHqeocHx 
opSnxajibHbix  h  cy6op6HiajibHbix  chcxcm  b  qacxH  paapaGoxKH  h  co3aaima  hobbix 
XfmOB  MHOrOKOMHOHCHXHblX  5KP,Z1„  KOMSHHHpOBaHHbIX  ABHTaXCUbHblX 
ycxaHOBOK  (BP/(+;^P/(),  oGccneqeima  xemiosaiHHXbi  h  xennoBbix  peacHMOB  na 
6opxy  HcxaxcjibHoro  annapaxa.  npHBe;teHbi  B03M03KHbie  KOMnoHOBoqHbie  cxcmbi 
I’MiiepsEyKOBbix  miaHHpyioimHX  annapaxoB  c  K=  4-6. 

PaccMoxpcHbi  npo6i[eMb]  cy6op6HxajibHoro  nonexa  c  axMoc4)epe  c 
CBCpXKpyrOBOH  CKOpOCXblO. 


Bos^tyniHO-KocMHHecKHH  KOMiuieKc  MHr-31C 


Kop^cyes  M.B.,  KocxpyGcKHH  3.K. 
ABHaii;HOHHbIH  Haji^HO-npOMblllUieHHblH  KOMIUieKC  “MHF” 
125299,  MocKBa,  JleHHHipaflCKoe  inocce,  6 
Tejie4>oH/4)aKc:  (095)150-78-26 


BosflyuiHO-KocMinecKHH  KOMiuieKC  MHr-31C  npeflHaaHaneH  jum  bw- 
Be;];eHHM  b  aBTOMaTunecKOM  pexHMe  cnyrHHKOB  3eMJiH  Ha  HHSKHe  opOHTbi 
c  BbicoTOH  H=  00...  1000  KM,  HaKjioHeHHeM  i=0...90°  h  oOecneMHBaex  bwbozi 
Ha  nojwpHyio  opGuTy  MaccoH  nopiiflKa  70  kt  (H=500  km)  h  100  kt  (H=200 
km). 

KoMTUieKc  MHr-31C  coctoht  H3  CBepxsByKOBoro  caMOjieTa-HOCHxejLa 
MHr-31C,  npHcnoco&neHHoro  wia  no^BecKH  h  xpancnopxHpoBKH  paKexbi- 
HocxejM,  H  xpexcxyneHHaxoH  paKexbi-HocHxejia  PH-C. 

KoMiuieKC  oSecneHHBaex  BbiBeflenne  cnyxHHKOB  na  aa^annwe  opOHXbi 
C  O^HOrO  H3  Bbl6paHHbIX  aspO^pOMOB  1  Kjiacca  C  B03M05KH0CXbI0  BblOopa 
napajuiaKca  (Sokobofo  CMemeHHH),  BejiUHHHa  Koxoporo  cocxaBJiaex  6ojiee 
nojioBHHbi  MexcBHXKOBoro  paccxoaHBW  opSHXbi  (L=1200  km). 

KoMiuieKC  MO}Kex  oOecneHHBaxb  necKOjibKo  aanycKOB  b  cyxKH.  npH 
3XOM  B3jiex  H  nojiex  KOMiuieKca  Majio  saBHCHX  ox  BpeMCHH  cyxoK  h  noroa- 
Hbix  ycjioBHH,  Hacxoxa  aanycKOB  onpeaejiHexca  noxpeSHbiM  BpeMeneM  Ha 
noflBecKy  paKexbi-HOCHxejiJi,  aanpasKy  caMOJiexa  xoiuihbom,  npe^nojiexHOH 
noflroxoBKOH  caMojiexa  h  onepaxHBHbm  bboa  nporpaMMbi  BbiBe^^eniM  cnyx- 
HHKa  (He  6ojiee  2-x  nacoB). 

KoMimeKc  MHr-31C  oxjiHHaexca  ox  paKexHbix  KOMmieKcoB  BbiBe/i;e- 
HHB  CnyXHHKOB  XOH  XCe  pa3M6pHOCXH,  CXapXyiomHX  C  SeMJIH,  MoOnjTb- 
HOCXbK?  H  OnepaXHBHOCXbK)  npHMCHeHHfl,  HBJIHHCb  6ojiee  3KOHOMHHHbIM  no 
cpaBHeHHK)  c  3XHMH  KOMOjicKcaMH,  XBK  KBK  B  KanecxBB  1  cxyncHH  B  He 
npHMeneH  cBepx3ByKOBOH  caMOJiex-HocHxejib,  Koxopwii  npn  BbiBe^eHnn 
paKexbi-HOCHxenB  b  xoHKy  cxapxa  (H=18  km,  V=650  m/c)  peajiH3yex  b,o 
35%  nojiHOH  3HeprHH  BbiBeaenna  cnyxHHKa. 

KoMmieKC  He  HMeex  KOMnoHenxoB,  sarpaaHaiomHX  OKpyxcaioiijyio  cpe- 
ny  Ha  ynacxKe  BbiBeflCHHB  cnyxHHKa  h  KOCMHnecKoe  npocxpancxBO. 

CaMOJiex-HocHxejib  MMr-31C  (MOflH^JHKamw  caMOJiexa-nepexBaxHHKa 
MHr-31)  paapaOoxaH  h  Hcnbixan  AHllK  “MHr”.  B  jiexHwx  HcnwxaHHax 
caMOjiexa  BbinojiHenw  cOpocbi  raOapHXHo-BecoBoro  MaKexa  paKexw- 
HocHxe.7ifl  Ha  xpaeKxopHH  BbiBeflennH  b  aBxoMaxunecKOM  h  nojiyaBXOMaxH- 
necKOM  pexcHMax  ynpaBJienHa. 

PaKexa-HocHxejib  PH-C  paapaOaxbiBaexcH  c  ncnojibsoBaHHeM  cy- 
mecxByiomnx  cxyiieneH  paxex  h  CHCxeMW  ynpaBJicnna  BWBefleHHeM  cnyxHH¬ 
Ka. 

CaMOJiex  MHr-31C  Moxcex  6bixb  a^anxHpoBan  jam  npHMeneHiia  aapy- 
SexcHbix  paKex-HocHxejieii  BbiBeji;eHHH  cnyxHHKOB. 


M.Kop^^eB 
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Aerospace  Complex  MIG-3  IS 


Korzhuev  M.V.,  Kosturbsky  E.K. 
Aviation  Scientific-Industrial  Complex  “MIG” 
125299,  Moscow,  Leningradskoe  shosse,  6 
tel./fax  (095)150-78-26 


MIG-3  IS  Aerospace  Complex  is  designed  to  put  earth  satellites  into  low 
orbits  with  H=200...1000  km  altitudes  and  i=0...90°  inclination  in  the 
automode.  It  enables  to  put  into  the  polar  orbit  (i=90°)  the  satellites  of  about 
70  kg  (H=500  km)  and  100  kg  (H=200  km)  mass. 

MIG-3  IS  Aerospace  Complex  consists  of  MIG-3  IS  supersonic  carrier 
fit  to  suspend  and  transport  a  satellite  booster  and  RN-S  three-stage  satellite 
booster. 

MIG-3  IS  Complex  provides  satellites  putting  into  desired  orbit  from 
one  of  the  selected  1  class  airdrome  with  possibility  to  choose  parallax  (side 
shift),  which  value  is  more  than  half  of  satellite  orbit  interconvolution 
distance  (L=1200  km). 

The  Complex  can  provide  several  launches  a  day.  In  this  case,  the 
Complex  takeoff  and  flight  are  slightly  dependent  on  the  day  time  and 
weather  conditions. 

The  launching  frequency  is  defined  by  the  time  required  to  suspend  a 
satellite  booster,  fuel  the  aircraft,  for  its  preflight  preparation  and  rapid  insert 
of  the  satellite  putting  program  (not  more  than  2  hours). 

MIG-3  IS  Complex  differs  from  the  rocket  complexes,  putting  the  same 
dimension  satelhtes  while  launching  from  the  Earth,  by  its  mobility  and  quick 
application,  being  more  efficient  in  comparison  with  these  complexes  because 
as  its  1-st  stage  it  uses  the  supersonic  carrier,  which  realizes  up  to  35%  of  the 
satellite-putting  total  power  while  putting  a  satellite  booster  into  the  starting 
point  (H=18  km,  V=650  m/s). 

The  Complex  is  free  any  components  containing  the  environment  in  the 
path  and  the  space. 

MIG-3  IS  carrier  (which  is  MIG-31  interceptor  modification)  is 
developed  and  built  by  ANPK  “MIG”.  During  aircraft  flight  testing  the 
satellite  booster  dimensional-and-weight  mock-up  releases  onto  the  putting 
trajectories  were  performed  in  both  automatic  and  semiautomatic  control 
modes. 

RN-S  satellites  booster  is  under  development  with  application  of  the 
existing  rocket  stages  and  satellite-putting  control  system. 

MIG-3  IS  Aircraft  may  be  adapted  to  utilize  the  foreign  satellite 
boosters. 


MIG-31S  Aerospace  Complex 
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13.  Satellite  separation  from  the  booster 
3-rd  stage 


MHoroiiejieBoe  npaMeneHae  pasroHHbix  6jiokob- 
oB,Ho  H3  nepcneKTHBHbix  HanpaBjieHHH  paaBHXHH 
paKCTHOH  TeXHHKH 

P.B.Ajihmob 

KB”CajiioT”  rKHniJ,  HM.M.B.XpyFEiweBa 
121309,  MocKBa,  HoBoaaBOflCKaa  yn.,  18 
Teji  142-59-21,  4)aKc:  956-24-41 

BaacHeiiiuHM  4)aKropoM  HHxeHCHBHoro  pasBHXHa  xexHOJiomH  h  npax- 
XHKH  co3flaHiia  Majibix  KA  Hiijiaexca  cjiaKxop  skohomhhhocxh.  BbicoKaa 
cxoHMocxb  BbiBefleHHH  Ha  opOiny'  aacxaBUJia  paapaOoxHHKOB  KA  cHHXcaxb 
Maccy  H  raSapHXbi  annapaxoB,  noBbimaxb  hx  pecypc,  peajiH30BbiBaxb  rpyn- 
noBoe  H  nonyxHoe  BbiBeflCHHe. 

B  flOKJia;i;e  aHajiH3Hpyioxcji  ocHOBHbie  HanpaBjieHHH  noBbiiueHHH  3K0- 
HOMHHecKOH  peHxaOejibHocxH  KocMHHecKOH  flenxejibHocxH  H  B  KanecxBe 
onHoro  H3  necneKXHBHbix  HanpaBjieHHH  paccMaxpHBaexcH  MHoronejieBoe 
npHMeiieHHe  paaroHHbix  Sjtokob  paKex-HOCHxejieii. 

Ha  ocHOBe  HcnojibsoBaHHH  paaroHHoro  OjiOKa  “Bpns-KM”  paKexbi- 
HocHxejiH  “PoKox”,  o6jia;];aiomero  bwcokhmh  SKciuiyaxanHOHHbiMH 
KanecxBaMH,  paccMaxpHBaexcH  BosMoxcHocxb  peajinaanHH  nporpaMMbi  pa6ox 
B  HHxepecax  naysai,  conHajibHO-aKOHOMHHecKoro  pasBHXHH  h  MexcoyHapoa- 
Horo  coxpyHHHHccxBa.  B  KaaecxBe  bosmoxchbix  HanpaBjieHHH  pa6ox  pac¬ 
cMaxpHBaexcH,  B  nacxHocTO,  HCcaeaoBaHHe  aHHaMHKH  aacopeHHocxH  OKH, 
oxpaOoxKa  cpeacxB  pacHHcxKH  OKH,  HCcaeaoBaHHe  noxoHHbix  MexeopoHaoB 
B  OKH. 


P.Ajthmob 


AnajiHs  3HcpreTHHecKHX  saxpax 

npH  BbiBe/neHHH  Majibix  cnyxHHKOB  na  reocxapHOHapiiyio  opSnxy 
c  npHMeHCHMeM  /iBHxaxejia  Majioil  xhfh 

B.  BacHjibCB, 

3.  KoflOJIOB,  C.  IlHAOHeHKO 
TKB  ’’lOacHoe” 

320008  YKpaHHa,  r.  ^HenponexpoBCK 
ya.  KpHBopoaccKaa  3 
<DaKc:  (0562)  700430 


)]|oKJia/];  nocBamcH  Bonpocaw  JiHajiHsa  BHeprexHHecKHx  saxpax  npn  flOBbmefle- 
HHH  MaJIbDC  CnyXHHKOB  (CBK3HbIX,  MexeopOJIOXHHeCKHX,  HaBHXayHOHHBIx)  Ha  reocxa- 
HHOHapHyK)  op6Hxy  c  iipHMeHeHHCM  3JieKxpopeaKXHBHOH  ;i,BHraxeni>HOH  ycxanoB- 
KH  (3PAy). 

PaapaOoxaHa  Mexo^i;HKa  noHCxa  paHHOHajibHoro  ynpaBneHHH  ^[BHraxeabHOH  yc- 
xaHOBKOH  MajiOH  xflXH  HpH  flOBbiBeacHHH  CHyxHHKOB  HB  FcocxaHHOHapHyK)  op6Hxy  c 
ynexoM  HartoxccHHoro  oxpaHHHeHHH  na  ajiHxejibHocxb  MaHCBpa.  Pemena  saaaHa  noHcxa 
fljiHxejibHocxH  MBHeBpa  c  orpaHHHeHHeM  na  kojihhccxbo  xonjiHBa.  llpeflycMOxpeHa 
BOSMOXCHOCXb  HCnOJIb30BaHHK  KOM^HKHpOBaHHOH  flBHXaxeJIbHOH  yCXaHOBKH  - 
cxHoro  peaKXHBHoro  a;BHraxejia  cobmccxho  c  3P)]y.  ^pHBex^eHbI  pesyjibxaxbi  pacnexa 
fljiH  aoBbisex^eHHfl  c  paajiHHHbix  npoMexcyxoHHwx  opSax. 


B.  BacHjibCB 


B  HacTOHii];ee  speMH  MHorne  Miajibie  cnyxHHKH  (cBHSHbie,  MexeopoJiorHHecKHe, 
HaBHrauHOHHbie)  ;50BbiB0;i;axca  Ha  reocxapHonapHyio  opGnxy  (FCO)  HenocpeacxBCHHO 
nH6o  flopasroHHtiM  6jiokom  panexH  -  HOCHxena  (PH),  jih6o  co6cxBeHHOH  flBHxaxejib- 
HOH  ycxaHOBKOH  aoBbiBeacHHa  KA.  B  KanecxBe  aBHxaxeaa  b  o6ohx  cjiynaax  npHMCHa- 
exca  acHflKOCXHOH  peaKXHBHbiH  jiiBHraxeai.  (^P,H).  K  npeHMyipecxsaM  xaKoro  cnoco6a 
OXHOCHXCH  Majiaa  ;jjiHxejii>Hocxb  MaHespa:  cpaBHHxeabHO  6oni>inoe  peaKXHBHoe  ycKO- 
pcHHe,  pasBHBaeMoe  ^P7(,  nosBoaaex  cyipecxBeHHO  HSMenaxt  ocKyjinpyiomHe  3Jie- 
MCHXbi  op6HXH  B  Hpeacaax  oflHoro  BHxxa.  He^iocxaxKOM  aBaaexca  hhskhh  yflejibHbra 
HMnyjibC  ^P/(  (200. .350  c)  h,  khk  cae^cxBHe,  bhcokhh  pacxoA  xonaHsa  Ha  ManeBp. 
3x0  yMeHbuiaex  Maccy  nonesHOH  HarpysKH,  bi.ibo.zi:hmoh  na  FCO.  Hpn  3xom  CHHXcaexca 
34)4)eKXHBHOCXb  HCHOJlbSOBaHHa  KOCMKHCCKOil  XpaHCHOpXHOH  CHCXeMBI. 

Chhshxb  aaxpaxbi  xonaHsa  MoacHO,  HcnonbSOBaB  npn  flOBbiBCfleHHH  aacKxpope- 
aKXHBHyK)  aBHxaxejibHyro  ycxaHOBKy  (3P/(y)  BbiBOflHMoro  KocMHHecKoro  annapa- 
xa  (KA).  y^ejibHbiH  HMnyabC  3Pfly  (1500.. 2500  c)  3HaHHxeabHO  6oabnie,  hcm  y 
TaKHM  oOpasoM,  npn  ;[iOBbiBeB;eHHH  Majibix  KA  na  FCO  c  HcnoabsoBaHHCM  3PJ(y, 
ecxb  B03MoacHOCXb  .i];o6HXbca  yMCHbrnenHa  Maccbi  pacxoflyeMoro  paSonero  xejia.  Ofl- 
HaKO  peaKXHBHoe  ycKopenne,  pa3BHBaeMoe  3P^(y!  Ha  nexbipe  -  naxb  nopa^i;KOB  MCHb- 
me,  HCM  y  ^P^.  3xo  npHBOBiHx  k  xoMy,  hxo  npn  .^OBbIBefleHHH  c  Hcnoab30BaHHeM 
3P)]^y  ocKyjiHpyiomHe  BJieMCHXbi  opSHXbi  b  npe^eBax  oflHoro  BHXKa  noBynaiox  Majibie 
npapamcHHa,  hxo  BC^ex  k  sHaHHxejibHOMy  yBejiKHCHHio  j^nHxeabHocxH  ManeBpa  b  pe- 
aoM. 

Hacxoauiaa  paSoxa  nocBamena  anajiHay  SHeprexHaecKHx  aaxpax  npn  poBbiBc- 
peHHH  Majibix  cnyxHHKOB  Ha  reocxapHonapHyio  opOnxy  c  rrpHMeHeHHCM  3P,Z(y.  flan- 
HBH  xeMa  nopHHMajiacb  b  paGoxax  [1,2].  H,eabio  paHHoii  paOoxbi  HBHnca  hohck  papHO- 
HajibHOH  cxeMbi  poBbiBepeHHfl  Ha  FCO  c  HcnoabsosaHHeM  pBPxaxeaa  MaaoH  xarn. 
HpepaoxceH  Mcxop  onxPMPBapHH  opSnxajibHoro  Maneapa  poBbmepeHHa  c  npHMCHeHH- 
eM  KOMOHHHpoBaHHoft  pBHraxenbHOH  ycxaHOBKH  (3P/l,y+;^CP/(). 

HcxojHbie  HonoaccHHa 

Jim  nppMepa  paccMoxpenbi  caepyrompe  xapaKxeppcxHKP  3P/(y : 

•  ypenbHbiS  HMPyabc  1500c; 

•  ypenbHoe  HoxpeSaeHPe  3aeKxpo3HeprHH  3Pfly  180Bx/rc; 

•  xara  opnoro  6aoKa  3PJ(y  8  re. 

B  3XHX  ycaoBPax  aneKxpHPecKaa  mopihocxb,  neoSxopHMaa  paa  paOoxbi  opHoro 
Gaoxa  3PJ(y,  cocxaBPX  1440  Bx,  hxo  opHenxppoBOHHO  cooxsexcxByex  mopihocxh, 
oGecHCHHBaeMOH  chcxcmoh  aaeKxpoppxaPHa  (0311)  b  kohpc  epoxa  axxHBHoro  cyme- 
cxBOBaHPa  papa  coBpeMCHHbix  cnyxHHXOBbix  naaxi^opM,  HMeK)ni;Hx  Maccy  oxoao 
600  xr  (xaGappa  1). 
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Ta6jiHi];a  1. 

Marble  cnyxHHKOBbie  njiaT(})opMbi  cBaanbix  reocHHxpoHHBix  KA 


HaaBaaae 

naax(})opMbi 

OapMa  - 
paapaOoxaaK 

Macca,  Kr 

MoDTHoexb  cacxeMbi 
oaeKiponaxanaa,  Bx 

SB  -  1000 

Aerospatial  Espace 

500  ..715 

1500 

GE  -  3000 

GE  Astro  Space 

760 

1400  ..  1600 

SB  -  100 

DASA 

850 

1463 

INSAT 

ISPRO 

650 

1200 

HS-376 

Hughes  see 

560 

900 

IlpHMeM  B  pacHexax  npn  ^OBbiBeaeHHH  c  noMOipbro  3Pfly  HanajibHyio  Maccy 
KA  paBHOH  850  Kr,  a  npn  ^OBbiBejieHHH  c  noMoipbio  KOMOHHHpoBaHHOH  ^iBnraTejiLHOH 
ycxanoBKH  (K/||y)  -  1700  Kr. 

B  KanecTBe  onopnoH  opGarbi  BBjOepeM  KpyroByio  opOaxy  bhcoxoh  4000  km. 

TaK  KaK  Ha  ynacxKC  zioBbiBefleHHH  Momnocxb,  ncxpeOjiaeMaa  nonesHoii  Harpys- 
KOH  KA,  MHHHMajibna,  xo  npaKXHHecKH  Bca  moihhocxb  C3n  Moacex  6bixb  HcnojibsoBa- 
Ha  fljifl  paOoxbi  3P^y,  hxo  oGecneniix  npHBe.i];eHHoe  SHaneHiie  xarn, 

ripH  paccMoxpeHHH  ManeBpoB  c  HcnojibsoBaHHeM  >KHaKocxHoro  peaKXHBHoro 
ABHraxejiH  (^HCP^)  npanax  yaenbHbiH  HMnyjibc  300  c,  xara  -  He  Menee  10  kfc. 

npH  npOBeflCHHH  OPCHOK  HpHHHXO  SHaHCHHe  MBCCbl  KOHCXpyKpHH  popasrOHHO- 
ro  ^P/1 H  xonjiHBHE.ix  OaKOB  Ha  ypoBHe  25%  ox  Maccbi  noxpeOHoro  xonjiHBa. 

B  KanecxBe  opHCHXHpoBOHHoro  SHaqeHHa  ponycxHMoro  cyMMapHoro  BpeMCHH 
poBbiBepcHHa  6bma  npHHaxa  pjiHxeabHocxb  Maneapa  200  cyxoK. 

HccaepoBaHUfl  npOBepenbi  na  ochobc  anajiHsa  npH6.nHxceHHbix  anajiHXHHecKHX 
aaBHCHMocxeil  pBH>KeHHH  KA  b  peHxpajibHOM  HCBOSMymeHHOM  nojie  npHxaaceHHa 
SeMjiH  c  yaexoM  nepeMennoH  Maccbi  KA  h  HpeajibHOH  opHCHxapHH  BCKxopa  xara  pbh- 
raxeabHOH  ycxanoBKH  (/^y)  b  opOnxiajibHofi  chcxcmc  KooppHHax. 
npHMCM  caepyiomyK)  cxeMy  Maneapa  poBbiaepcHHa  (pac.  1): 

1.  nepexop  c  onopnoa  opOaxbi  na  HeKoxopyro  npoMe)K5a’OHHyio  ajiaanxHHe- 
cKyio  opOaxy  c  penbio  CHaacenaa  aaxpax  na  HSMeHenae  HaKaoHenaa  naoc- 
Kocxa  opGaxbi  (1  axan); 

2.  HSMeneHae  HaKaoHenaa  naocKocxa  opOaxbi  (2  axan); 

3.  nepexoa  na  xpeOyeMyio  Kpyroayio  op6axy  (FCO)  (3  axan). 


Pac.  1.  CxcMa  aoBbiaepeHaa  KocMaaecKoro  annapaxa  na  FCO  c  noMombio  3P7iy. 
B.  Bacaabea  3 


CHHxaeM,  HTO  MaiieBp  npoH3Boji;HTCH  c  noMombio  3P^y.  B  cjiynae,  ecjiH  aim- 
xejibHocTb  Manespa  npcBbicHX  flonycxHMyio,  Ha  HanajibHbD:  axanax  c  penbio  coKpame- 
HHa  zi;jiHxejibHocxH  MancBpa  flo  aonycxHMoii  npaMCHsexca  3KP/I,. 

BbiBejeHHe  c  noMonibio  ajieKxpopeaKXHBHOH  jBHraxejibHOH  vcxanoBKH 

ripH  pacnexax  xpaeKxopHH  Bbroe^ieHHfl  KA  c  onopnoH  op6HXbi,  oSecneHHBae- 
MOH  PH  H  paaroHHbiM  Gjiokom,  na  reocxaHHOHapHyio  op6Hxy  c  noMoiHbK)  3P,Hy  npn- 
Haxa  cjieflyiomaa  KOHii;enHH5i  BbiSopa  nporpaMM  ynpaBJicHHa  ^tBHxaxejibHOH  ycxanoB- 
KOH. 

а)  HanpaBnenne  BCKxopa  xarn  na  axane  KoppcKHHH  HaKJioHCHHa  -  6HHopMajib- 
Hoe.  HsMeHCHHe  HaKJiOHeHHa  opSHXbi  npoHSBOflHxca  npn  HaHSoJibiueii  Bbicoxe  op6HXbi 
(b  oKpecxHocxH  anorea),  Kor^i;a  SHanenHe  anorefinoH  CKopocxH  MHHHMaabHo. 

MHHHMajibHbiH  pacxofl  xoHJiHBa  o6ecneHHBaexca  npn  BxaioHeHHH  fly  b  mhhh- 
ManbHOH  OKpecxHocxH  anorea,  ojjuaKO  axo  npHBo;^Hx  k  Heo6xofl:HMOcxH  npoBcaenHa 
KOppeKHHH  Ha  SoJlbHIOM  HHCHe  BHXKOB  H,  COOXBeXCXBCHHO,  -  K  OHCHb  GOHbUIOH  ^PH- 
xeabHocxH  MancBpa.  PacninpenHe  axoH  OKpecxHocxH  c  o^hoh  cxopoHbi  coKpan^aex 
^IJiHxeabHocxb  MaHCBpa,  a  c  apyroH  -  npHB0X(HX  k  HeonxHMajibHOMy  pacxop;y  paSoaero 
xeaa  flV  h  cooxBcxcxByioniieMy  yBcaHHCHHio  ero  noxpeSHOH  Maccbi. 

б)  HanpaBacHHe  Bexxopa  xarn  npn  KOMnaaHapnbix  nepexo/i:ax  Ha  axane  hsmc- 
HCHHa  paflHyca  opSnxbi  -  xpaHCBepcajibHoe. 

OpH  nepexofle  na  ECO  c  ajmnnxHHecKOH  opGnxbi  MHHHMajibHbiH  pacxoji  xon- 
HHBa  o6ecneHHBaexca  npn  BxaioHeHHH  flV  b  MHHHMajibHbix  oxpecxHOCxax  anorea  h 
nepnrea,  onnaxo  axo  xaxjxe  npHBO^^HX  k  ohchb  6ojibmoH  nJiHxenbHocxH  MaHeapa.  Ana- 
aoxHHHo  caynaio  KoppeKiiHH  HaKaoHenna,  pacninpeHne  axHX  OKpecxHocxen  c  oanoH 
cxopoHbi  coKpamaex  aJiHxeabHocxb  Manespa,  a  c  apyrofi  -  npHBoaHX  k  aononHHxeab- 
HOMy  pacxony  paGonero  xeaa.  KpoMe  xoro,  npHaoaceHHe  ynpaBjiaiomeH  cnabi  He  xoh- 
Ho  B  anoree  hjih  nepHree,  a  b  hx  oxpecxHocxax,  OKaabiBaex  napasHXHoe  BanaHHe  na 
napaMexpbi  opGnxbi,  hxo  noxpe6yex  nocaeayioiHeH  hx  KoppexxHpoBKH. 

Hpn  pacnexe  ynpaBaenna  3Pfl,y  BoaHHxaex  Heo6xoflHMOCXb  b  oiieHKe  anepre- 
xHHecKHx  aaxpax  aa  Manesp.  B  Kanecxae  HHXCHero  npeaeaa  npHMeM  aaxpaxbi,  paccHH- 
xaHHbie  B  HMnyabCHOH  nocxanoBKe,  BBe^eM  b  CBaan  c  axHM  xax  HaabisaeMbiH  Koa^4>H- 
HHeHx  iieonxHMajibHocxH  HcnoabaoBaHHa  3Pfl[y.  06o3HaHHM  ero  Kh-  3xa  BeanaHHa 
xapaicxepHayex  H36bixoHHbie  aaxpaxbi  xapaKxepHCXHnecKOH  cKopocxH,  oSycaoBaeHHbie 
pa6oxoH  B  OKpecxHocxH  xonex  onxHMajibHoro  npHaoxcenna  xarn,  oxHOCHxeabHO 
“HMnyabCHoro”  MHHHMyMa.  3aBHCHMOcxb  flanxeabHOcxH  ManeBpa  noanaxHa  nepHrea  c 
Bbicoxbi  4000  KM  AO  35800  km  npn  KOMnencaHKH  pocxa  anorea  na  Bbicoxe  35800  km  ox 
K03(|)4)Hii;HeHxa  Kh  npHne^ena  na  pncynxe  2. 
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Ko34)cj3HUMeHT  HeonTi/iManbHOCTi/i  Kh 


PhC.  2.  SaBHCHMOCTb  flJIHTe.IIbHOCTH  MaHCBpa  OT  K034)(|)HI];HeHTa  HeonTHMaJIbHOCTH. 


Ecjih  npHHHTb  Be^HHHHy  K034)$Hii;HeHTa  HeonxHMajibHocTH  Kh  HsaecxHOH, 
pacnex  aneprexHqecKHx  saxpax  npa:  HcnojrbsoBaHHH  3P^  momcho  bbcxh  b  HMnyjibc- 
HOH  nocxaHOBKe.  PemeHne  sa^ta^H  noHCKa  saxpax  xapaKxepHcxaqecKOH  cKOpocxH  b 
HenpepbiBHOH  nocxanoBKe  Gy^ex  oxjiH'qaxbca  ox  penieHHa  xoh  5Ke  sa^aHH  b  HMnyjibc- 
HOH  nocxaHOBKe  b  npe^ejiax  (1+  Kh)  pas. 

Ecjih  nonycxHXb,  hxo  sa  BpeMH  paGoxbi  HBHxaxejibHOH  ycxanoBKH  CKopocxb  hs- 
MCHCHHa  SKCHCHxpHHecKOH  aHOMajiHH  nocxosHHOH,  npH  pacnexe  fljinxejibHocxH  bkjho- 
HeHHH  Ha  KaacnoM  B:oHKpexHOM  bhxkc  ycjioBHe  MaKCHMajibnoro  npHGiiHaceHHa  (JjaKXH- 
necKHx  saxpax  k  pacnexHbiM  6yn;ex  HMexb  bh^  (1): 


1  +  K„ 


df(E,,)/dt 


(1) 


f  -  npHpameHHe  KoppeKXHpycMoro  napaMexpa  opGnxbi, 

AtBKji  -  flJIHXejIbHOCXb  BKJHOneHHH  /],y  Ha  BHXKe, 

Ecp  -  SKcneHxpHHecKaa  anoMajiHa  cepe.n;HHbi  oKpecxHocxH  BRjiioHCHHa, 
xoHKa  onxHMajibHoro  npHjioaceHHa  xara. 

HncjiHxejib  npaBOH  nacxH  BbipaaccHHa  (1)  ecxb  MaKCHMajibHaa  npoHSBonHaa 
npHpaiDeHHa  KoppeKxnpyeMoro  napaMexpa  opGnxbi  no  anuxejibHocxH  BKjnoneHHa.  A 
SHaMenaxejib  -  cpe^naa  npoHsso/iHaa  npHpaipeHHa  KoppeKXHpyeMoro  napaMexpa  op- 
Ghxm  no  ^piHxejibHocxH  BKJnoneHHa  flV.  Thkhm  oGpasoM  sejiHHHHa  (1+Kh)  nponop- 
HHOHajibHa  oxHouieHHK)  xapaKxepHcxHHecKHx  cKopocxen  b  nenpepbiBHOH  h  b  hm- 
nynbCHOH  nocxaHOBKax  cooxBexcxseHHO,  neoGxoHHMbix  ana  HSMeneHHa  KoppeKxnpye- 
Moro  napaMexpa  Ha  ojiny  h  xy  ace  BCjiHHHHy. 

CnHxaa  peaKXHBHoe  ycKopeHHe  3Pfly  MajibiM,  mo^kho  npnnaxb,  hxo  ho/i  ero 
BJiHaHHCM  Me.ziJieHHo  HSMeHaioinHecjH  ocKynHpyioiDiHe  sjieMenxbi  opGnxbi  HSMenaioxca 
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HecymecTBCHHO  h  npHHHTb  HJ<;  Ha  bhtkc  nocxoaHHbiMH.  Hcxofl^  h3  BbipaaceHHH  (1),  ;yia 
ManeBpa  HSMeneKHa  HaKJioHeHHH  op6HTbi  BbipaxceHHe  jinn  yrjioBOH  anHTejibHocxH  Ea 
anorcHHoro  BRJiiOHCHHa  flV  npHMex  bh;i  (2); 

g  ^  sinCE^  )(Ae  -  2(1  +  K„  )(1  +  ))  -  0.5e  sin(2EA)(l  +  K„ ) 

^  "  3e(l  +  K„)-A 

_  2Vn(l-e^/^ 

3/  ’ 

(1  -  e)p^^ 

Ea  -  noJiOBHHa  anoreiiHoii  OKpecxHocxH  BKJiioHeHHfl  3?^^; 
p  -  (|)OKaFibHbiH  napaMexp, 
e  -  SKcpeHxpHCHxex  op6HXbi, 
p.  -  rpaBHxapHOHHaa  nocxoaHnaa. 

^aa  MaHCBpa  noflHaxHa  neparea  c  oflHOBpeMCHHbiM  xopmohcchhcm  pocxa  ano- 
rea  na  yraoBbie  aJinreabHOcxH  Ea  h  En  noaoBHH  anorcHHoro  h  nepHreiiHoro  BKaioae- 
HHH  Haiaia^[bffiaioxca  cae^^yiomHe  orpaiiHHeHHa: 

g  ^  Ea  (2  +  Kh  (1  -  e)  -  e)  +  e(sin(E ^ )  -  sin(En  )) 

"  K„(l-e)~e  ’  ^3^ 

(4  +  e)Ep[  +4(sin(EA)  +  sm(En))  +  0.5e(sin(2EA)-sin(2En)) 

4  +  e 

/I,jia  cayaaa  noanaxHa  anorea  h  KOMneHcaHHH  pocxa  neparea  orpaHHacHHe  na 
noaoBHHy  oKpecxHocxeii  Ea  h  En  anorcHHoro  h  nepHreiiHoro  BKaioHCHHii  hmccx  bhji: 

g  ^  E^(e  +  Kh(1  +  e))  -  e(sin(EA)  -  sin(En)) 

"  2  +  e  +  KH(l  +  e)  ’ 

(4-e)En  -4(sin(EA)  +  sin(Ejj))  +  0.5e(sin(2EA)  +  sin(2En)) 

E,=  _  ,  J 

OonyHeHHbie  ycaoBHa  oGecncHHBaiox  pacnex  ynpaBacHHa  na  opGHxajibHbift  ne- 
pexofl  c  oxKJioHeHHeM  peaabHbix  saxpax  xapaKxepncxHHecKOH  CKopocxH  ox  MHHHMajib- 
Ho  B03M0)KHbix  B  npc^eBax  +  10  %  jpia  K03^4>HmHeHxa  HeonxHMajibHocxH  K„  <  60  %. 

rioHCK  paimoHajibHOH  nDOMexcvxoqHOH  opGhxbi 


Ha  pHcyHKC  3  H3o6pa>KeHa  saBHCHMocxb  noxpeOnoH  Maccbi  xonansa  ox  pa^Hy- 
ca  anorea  ;^aa  paanHHHbix  yraoB  HaKaona  naocKOCXH  onopnoH  opOnxM. 
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jM  'euai  ojahoged  eooei/v  Bengadiou 


KaK  BHflHO  H3  pHcyHKa  3,  fljia  JiioGoro  HaKnoHeHM  cymecTByex  xaKOH  paji^iyc 
anorea  npoMeacyroraoH  op6HTi.i,  npn  KoxopoM  cyMMapHBie  aaxpaxbi  xonansa  Ha  Ma- 
HBBp  6yAyx  MHHHMajTbHbiMH.  SaBHCHMOcxb  pa^yca  anorea  npoMeacyxoHHofi  opGnxbi 
ox  HaKJioHCHHa  onopHofi  op6HXbi  npHBefleHa  na  pncynKe  4*.  Onopnaa  opSnxa  -  Kpyro- 
Baa  c  BHCoxoH  4000  km. 


*  npH  pacaete  aasHCHMocTH  onxHMajitHOH  Biicoxu  anorea  npoMeacyxonnoft  opSnxti  ox  na- 
KJioHeHHa  ynpaBaenne  paccMHXHBajiocb  fljia  K„ ,  paBHoro  0.5. 
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Phc.  4.  SaBHCHMocTb  BbicoTbi  anorcfl  onTHManbHOii  npoMeacyxoTOofi  opSHXbi  ox 

HaKJIOHCHHJI. 


H3  pHcyHKa  4  cjieflyex,  hxo  c  pocxoM  HaicioHeHHa  npoMeacyxonnoH  op6HXbi  on- 
xHMajibHbiH  pa^Hyc  anorea  yeejiHHHBaexca.  C  yBejiMHenneM  pamyca  anorea  npoMe- 
acyxoHHOH  op6HXbi  saxpaxbi  na  HSMeHCHHe  HaKJiOHeHHa  yMCHbuiaroxca,  ho  pacxyx  sa- 
xpaxbi  xoHJiHBa,  CBasaHHbie  c  nepexoflOM  na  npoMeacyxoHHyio  op6Hxy  h  nepexoziOM  c 
Hce  Ha  rCO.  IlpH  noHCKC  pauHOHaxbHoro  ynpaBJiCHHa  noasjiaexca  Heo6xoflHMOcxb  b 
onpeaejiCHHH  npoMeacyxoHHOH  op6HXbi,  npa  KoxopoH  xpaxHXca  MHHHMyM  xonjiHBa  na 
BCCb  MaHCBp.  B  HMriyjibCHOH  nocxanoBKC  npn  npHHaxbix  orpaHHHCHHax  na  nocjieflOBa- 
xenbHocxb  op6HxajibHbix  nepexo^loB  axa  sa^ana  cBOflHxca  k  noHCxy  oKcxpeMyMa  (|»yHK- 
HHH  oflHoii  nepeMCHHOH  -  paflHyca  ainorea  npoMeacyxoHHofi  opGnxbi. 

^nHxejibHOCxb  MaiicBpa  npa  HcnojibsoBaHHH  xoabKO  BPflY  snaHHxejibHO  npe- 
BocxoflHx  AonycxHMyio.  IIoaxoMy  BOSHHKaex  Heo6xox(iiMOCXb  b  npHMeneHHH  ^P/J^. 

RbTBexeHHe  Ha  reOCXaHHOHapHVIO  OpShXV  HPH  HCnOJIbSOBaHHH  KOM6HHHpOBaHHOH 

JBHXaxeJlbHOH  VCXaHOBKH 

Hcxoaa  H3  ycaoBHH  MaKCHMH3aHHH  peaKXHBHoro  ycKopcHHa  /i;BHraxejibHOH  yc- 
xanoBKH  npHMCM,  HXO  yKPJl  ij(ejiecoo6pa3HO  HcnonbsoBaxb  Ha  HanaJibHbix  axanax  Ma- 
Hespa,  H  xojibKO  nocjie  pacxofla  Bcero  xonansa  h  c6poca  caMoro  )KPfli  -  npHMe- 
Haxb  3P/]y. 

nocKOHbKy  pejib  HpHMeHeHHa  ^P/]^  -  “BHHcaxbca”  b  xpe6yeMoe  BpeMa  MaHCBpa, 
OHeBHflHO,  HXO  HOjUXOfl  K  6X0  npHMCHeHHK)  ;50J15KeH  SbIXb  CJICflyiOIHHM:  C  HOMOmbK) 
npoH3BOHHXca  nepexoH  na  npoMexcyxoHHyio  op6Hxy  h  H3MeHeHHe  naKHOHCHHa,  a 
c  HOMombK)  3PJ];y  -  Bbixo;;  na  TCO.  B  caynae  He^ocxaxKa  BpeMCHH  aaa  nepexoaa  na 
rCO  HacxHHHO  Hcnoabsyexca  3KP^. 

Ha  axanax,  rne  npHMCHaexca  )KP/1„  pacnexbi  moxcho  bocxh  b  HMnyabCHofi  no- 
cxaHOBice,  CHHxaa,  hxo  xapaKxepHCXHHecKaa  cKopocxb  aaxpaHHRaexca  mfrobchho.  Ma- 
HCBpbi,  ocymecxBnJieMbie  c  HcnoabaoBaHHCM  3P/I|y,  CHHxaioxca  Mexo^oM,  onncaHHbiM 
Bbnne. 
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SaBHCHMocTB  oiiTHMaiiBHoro  pa;];Hyca  anores  npoMeacyxonHOH  op6HTbi  ox  na- 
KjiOHeHHs  npoMeMcyxoHHofl  op6HXbi  npHBe^^ena  na  pHcyHKe  5.  Onopnaa  op6Hxa  -  Kpy- 
roBaa  c  bbicoxoh  4000  km. 


Q. 

O 

o 

X 

T 

o 

H 


0) 

s 

o 

Q. 

C. 


CO 

15 

o 

o 

CQ 


50000 

40000 

30000 

20000 

10000 

0 


0  10  20  30  40  50  60  70  80  90 

HaKBOHeHMe, rpaA- 

Phc.5.  SaBHCHMOcxb  BbicoxBi  anorea  onxHMajibHoii  npoMeacyxoHHOH  opGHxti  ox 

HaKBOHCHHa. 


KaK  BHflHO  H3  pHcyHKa  5,  rpa4)HK  bhcoxbi  anorea  hmccx  ropiiBOHxajibHbiH  yna- 
cxoK,  cooxBCxcxByiomHH  Bbicoxc  FCO,  AJia  HaKjioHCHHH  B  npcAeaax  2. .83  rpaaycoB. 
riojiyHeHHbie  AaHHbie  nosBOjiaiox  caejiaxb  Bbffio.a  o  xom,  hxo  Bbicoxa  anorea  onopnon 
opGnxbi  AOJiacna  cxpeMHXbca  k  bhcoxc  FCO. 

Bbuia  nposeaena  cpaBHHxertbnaa  xapaKxepncxHKa  MancBpa  aoBbiBe/^enna  KA 
na  FCO  fljia  cjiynaeB  Hcnonb30BaHHa  3PJSy  (nananbHaa  Macca  KA  850  Kr)  h  kom6h- 
HHpoBaHHOH  /^y(HanajibHaa  Macca  KA  1700  Kr).  Onopnbie  opOnxbi  -  KpyroBbie  c  Bbi- 
coxoH  4000  KM  H  HaKjioHCHHCM  46  H  5  rpaflycoB.  Peayjibxaxbi  pacnexoB  npHBCACHbi  b 
xaGanpax  2  n  3. 


TaOjinpa  2. 


napaMCxpbi 
onopnon  opOnxbi 

TtnnxcJibHocxb  MancBpa, 
cyxKH 

noxpcGnaa  Macca  paSonero 
xeaa,  kt 

i,  rpan 

hn,  KM 

ha,  KM 

1  3xan 

2  3xan 

3  3xan 

Bcero 

1  3xan 

2  3xan 

3  3xan 

Bcero 

46 

4000 

4000 

810 

353 

269 

1432 

124 

no 

93 

327 

5 

4000 

4000 

133 

142 

345 

620 

36 

36 

158 

230 
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Ta6nHija  3. 


riapaMexpbi 
onopHOH  opSnxbi 

flnnxejibHocxb  MancBpa, 
cyxKH 

IloxpeGHaH  Macca  paGonero 
xena,  xr 

i,rpaa 

h^,  KM 

ha,  KM 

mm 

2  3xan 

tsmm 

Bcero 

BH 

Ba 

3  3xan 
OPZiy) 

Bcero 

46 

4000 

4000 

0 

175 

175 

731 

389 

194 

1314 

5 

4000 

4000 

0 

0.3 

180 

180 

731 

54 

277 

1062 

KaK  BHAHO  H3  Ta6jTHD;,  jiflsi.  flaHHoro  cjiynaa,  BpeMH  na  AOBbiBefleHHe  c  Hcnont- 
soBaHHCM  TOJibKO  3P/^y  6oJiee,  hbm  b  xpH  pa3a  npeBOCxo^T  ^onycTHMoe. 

HOCTE.  Manespa  C  HCn0JII>30BaHHeM  KOM6HHHpOBaHHOH  ^(BHraTeJIbHOH  yCXaHOBKH  co- 
cxaBHjia  175  h  180  cyxoK,  hxo  jiexcHx  b  ^lonycxHMbix  npe,nei[ax.  BMecxe  c  xeM,  ecjiH 
orpaHHHeHHC  Ha  fljraxejiBHOcxb  Manespa  oxcyxcxByex,  sa  cnex  cHHxceHHB  saxpax  xon- 
jiHBa  B  cjiynae  Hcnojib30BaHHH  xonbKo  3P^y,  noxBJiaexcx  bobmoxchocxb  BbiBczteHHX  na 
rCO  xeM  ace  HOCHxencM  flByx  KA. 
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Analysis  of  Power  Consumption  in  Small  -  Sized  Satellite  Injection 
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The  report  is  devoted  to  problems  of  power  consumption  analysis  in  final  injec¬ 
tion  of  small  -sized  satellites  (communications,  meteorological,  navigation)  into  geosta¬ 
tionary  orbit  using  the  electric  -  jet  propulsion  system  (EJPS). 

A  procedure  to  search  a  rational  thruster  control  in  final  satellite  injection  into 
geostationary  orbit  with  account  of  restriction  imposed  on  maneuver  duration  is  devel¬ 
oped.  A  problem  to  search  a  maneuver  duration  with  restriction  on  propellant  quantity  is 
solved.  A  possibility  to  use  a  combined  propulsion  system  -  liquid  jet  engine  with  EJPS 
is  provided.  Results  calculation  of  for  final  injection  from  different  transfer  orbits  are 
given. 
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At  the  present  many  small-sized  satellites  (communication,  meteorological, 
navigation)  are  injected  finally  directly  to  the  geostationary  orbit  (GEO)  either  with  the 
help  of  launch  vehicle's  upper  stage  or  own  propulsion  system  used  for  final  spacecraft 
injection.  Liquid  propellant  rocket  engine  (LPRE)  is  used  in  both  cases.  An  advantage 
of  such  method  consists  in  small  duration  of  manoeuvre:  comparatively  large  reactive 
acceleration  developed  by  LPRE  allows  to  change  considerably  an  osculating  compo¬ 
nent  of  orbit  during  a  single  orbital  turn.  Disadvantage  of  above  method  consists  in  low 
specific  impulse  of  LPRE  (200..350  s)  and  as  a  consequence  high  propellant  consump¬ 
tion  to  make  a  manoeuvre  and  lower  mass  of  payload  injected  to  GEO.  In  this  case  effi¬ 
ciency  of  space  transport  system  is  decreased. 

It  is  possible  to  reduce  propellant  consumption  by  using  in  the  course  of  final 
injection  an  electric  jet  propulsion  system  (EJPS)  installed  on  a  spacecraft  (SC)  injected 
to  orbit.  EJPS  specific  impulse  (1500..2500  s)  is  considerably  higher  in  compare  with 
LPRE.  So,  during  SC  final  injection  to  GEO  using  the  EJPS  a  possibility  exists  to  de¬ 
crease  weight  of  consumed  propulsive  mass.  But  reactive  acceleration  developed  by 
EJPS  is  four  -  five  orders  less  than  LPRE  acceleration.  It  lead  to  that  in  the  course  of 
final  injection  using  EJPS  the  osculating  orbital  component  obtains  small  increments 
during  a  single  turn  that  results  in  considerable  increase  of  manoeuvre  duration  as  a 
whole. 

The  given  paper  is  devoted  to  analysis  of  power  consumption  during  small  - 
sized  satellites  injection  to  GEO  using  an  EJPS.  This  problem  was  examined  in  papers 
[1,2].  The  purpose  of  the  given  paper  consists  in  search  of  rational  pattern  of  final  in¬ 
jection  to  GEO  with  the  help  of  a  thruster.  Method  of  optimization  of  final  injection  or¬ 
bital  manoeuvre  using  combined  propulsion  system  (EJPS+  LPRE)  is  proposed. 

Initial  conditions 


The  following  EJPS  characteristics  are  considered  as  an  example: 

•  specific  impulse  1500  s; 

•  EJPS  specific  power  consumption  1800  W/gram  -  force; 

•  thrust  of  single  EJPS  unit  8  gram  -  force. 

Subject  to  these  conditions  an  electric  power  required  for  operation  of  single 

EJPS  unit  equal  1440  W  that  approximately  corresponds  to  power  generated  by  power 
supply  system  (PSS)  at  the  end  of  active  life  of  some  modem  satellite  buses  of  mass 
about  600  kg  (see  table  1). 

Table  1 


Bus 

Developer 

Mass,  kg 

Supply  system  power,  W 

SB -1000 

Aerospatial  Espace 

500  ..715 

1500 

GE  -  3000 

GE  Astro  Space 

760 

1400 ..  1600 

SB -100 

DASA 

850 

1463 

INSAT 

ISPRO 

650 

1200 

HS  -  376 

Hughes  see 

560 

900 

If  final  injection  is  fulfilled  with  the  help  of  an  EJPS,  let's  take  a  value  of  850  kg 
as  an  initial  mass  of  SC  for  our  estimations  and  for  the  case  of  combined  propulsion 
system  1700  kg. 

Circular  orbit  of  4000  km  height  will  be  used  as  a  base  line  orbit. 
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Due  to  the  fact  that  at  final  injection  leg  a  power  consumed  by  SC's  payload  is 
minimal  then  practically  the  total  PSS  power  can  be  used  for  EJPS  operation  that  pro¬ 
vides  given  thrust  value. 

In  reviewing  manoeuvres  performed  with  the  help  of  LPRE  a  specific  impulse  of 
300  s  and  thrust  no  less  then  10  kgf  are  adopted. 

To  make  estimation,  mass  of  accelerating  LPRE  and  propellant  tanks  was 
adopted  equal  to  25%  of  required  propellant  mass. 

Manoeuvre  duration  of  200  days  was  adopted  as  an  approximate  value  of  per¬ 
missible  total  time  of  final  injection. 

Analysis  were  performed  on  basis  of  analysis  of  approximate  analytical  function 
of  SC  motion  in  central  non  -  disturbed  earth's  gravity  field  taking  into  account  varying 
SC  mass  and  ideal  orientation  of  propulsion  system  thrust  vector  in  orbital  coordinate 
system. 

The  following  sequence  of  final  injection  manoeuvre  is  adopted  (see  fig.l). 

1 .  Transition  from  base  line  orbit  to  any  intermediate  elliptical  orbit  with  the 
purpose  to  decrease  power  consumption  to  change  inclination  of  orbital 
plane  (1st  phase). 

2.  Change  of  orbital  plane  inclination  (2nd  phase). 

3.  Transition  to  required  circular  orbit  (GEO)  (3rd  phase). 


Figl .  Pattern  of  spacecraft  final  injection  to  GEO  using  an  EJPS. 

We  take  that  manoeuwe  is  performed  by  EJPS.  If  manoeuvre  duration  exceeds 
permissible  one  then  LPRE  is  used  on  the  initial  phases  with  the  purpose  to  decrease 
manoeuvre  duration  down  to  permissible  value. 

Injection  with  the  help  of  electric  iet  propulsion  system 

In  estimating  trajectories  of  SC  injection  from  base  line  orbit  provided  by  LV 
and  upper  stage  to  GEO  using  EJPS  the  following  concept  of  selection  of  propulsion 
system  control  program  is  aborted: 

a)  Thrust  vector  direction  is  binormal  at  the  phase  of  inclination  correction. 
Change  of  orbital  inclination  is  done  at  the  highest  orbit  point  (close  to  apogee)  when 
apogee  velocity  is  minimal. 
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Minimal  propellant  consumption  is  provided  when  propulsion  system  starts  at 
minimal  apogee  region  but  it  lead  to  necessity  to  perform  correction  within  many  num¬ 
ber  of  turns  and  consequently  to  extremely  long  duration  of  manoeuvre.  Expansion  of 
this  region  lead  to  shortened  manoeuvre  from  one  side  but  to  non-optimal  consumption 
of  propulsion  system  working  medium  and  respective  increase  of  its  mass  from  the 
other  side. 

b)  Direction  of  thrust  vector  is  transversal  during  complanar  transitions  at  phase 
of  change  of  orbital  radius. 

In  the  course  of  transition  to  GEO  from  elliptical  orbit  a  minimal  propellant  con¬ 
sumption  is  provided  when  propulsion  system  starts  at  minimal  apogee  and  perigee  re¬ 
gions  but  it  also  lead  to  very  long  duration  of  manoeuvre.  Like  for  the  case  of  inclina¬ 
tion  correction,  expansion  of  these  region  lead  to  shortened  manoeuvre  duration  from 
one  side  but  to  additional  consumption  of  propulsive  mass  from  the  other  side.  Moreo¬ 
ver,  application  of  control  force  not  in  apogee  or  perigee  exactly  but  in  the  vicinity  there 
of  shows  negative  influence  on  orbital  parameters  that  would  require  their  next  correc¬ 
tion. 

In  estimating  EJPS  control  the  need  arises  to  estimate  power  consumption  per 
manoeuvre.  Let's  take  consumption  calculated  on  impulse  basis  in  the  capacity  of  lower 
limit.  In  connection  with  above  so  called  coefficient  of  non-optimal  use  of  EJPS  is  in¬ 
troduced,  Kn.  This  value  characterizes  excess  use  of  characteristic  velocity,  stipulated 
by  operation  in  the  vicinity  of  points  of  optimal  application  of  thrust,  relatively  "im¬ 
pulse"  minimum.  Function  of  duration  of  manoeuvre  to  rise  perigee  from  4000  km  to 
35800  km  while  compensating  apogee  rise  at  35800  km  vs  coefficient  Kn  is  shown 
on  fig.2. 


Coefficient  of  non-optimality  Kn 

Fig.2.  Function  of  manoeuvre  duration  vs  eoefficient  of  non-optimality. 
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If  the  non-optimality  coefficient  Kn  is  adopted  as  known  value  then  calculation 
of  power  consumption  when  using  an  EJPS,  can  be  perfonned  on  impulse  statement. 
Solution  of  task  to  find  use  of  characteristic  velocity  on  continuous  statement  will  differ 
from  solution  of  the  same  task  on  impulse  statement  within  limits  of  (1+  Kn)  times. 

If  it  suppose  that  during  time  of  propulsion  system  operation  speed  of  change  of 
eccentric  anomaly  is  constant,  in  calculating  duration  of  ignition  at  each  specific  turn 
the  condition  of  maximal  approach  of  actual  usage  to  calculated  expenses  has  the  form 
(1): 


1  +  K 


_  df(E,J/dt 


(1) 


f  -  increment  of  corrected  orbital  parameter, 

Atjgn  -  duration  of  propulsion  system  ignition, 

Emid  -  eccentric  anomaly  of  middle  of  an  ignition  region,  point  of  optimal 
thrust  application. 

Nominator  in  the  right  part  of  equation  (1)  is  the  maximal  derivative  of  incre¬ 
ment  of  corrected  orbital  parameter  with  respect  to  duration  of  ignition.  Denominator  is 
the  average  derivative  of  increment  of  corrected  orbital  parameter  with  respect  to  dura¬ 
tion  of  propulsion  system  ignition.  Thus  value  (1+Kn)  is  proportional  to  ratio  between 
characteristic  velocities  in  continuous  and  impulse  statements  respectively  to  be  re¬ 
quired  to  change  corrected  parameter  on  the  some  value. 

Assuming  that  EJPS  reactive  acceleration  is  small,  it  can  be  adopted  that  imder 
its  action  the  slow  varying  osculation  orbital  components  are  not  changed  considerably 
and  can  be  adopted  as  constant  value  on  a  turn.  Proceeding  from  equation  (1)  for  the 
manoeuvre  of  changing  orbital  inclination  the  equation  for  angular  duration  Ea  of  pro¬ 
pulsion  system  apogee  ignition  will  have  the  next  form  (2): 


E  _  sin(E^)(Ae  -  2(1  +  K  J(1  +  e^))  -  0.5esin(2E  J(1  +  K  J 
*  3e(l  +  K„)-A 

^  3/  ’ 

(l-e)p/^ 


(2) 


Ea  -  halfofapogee  region  of  EJPS  ignition; 

p  -  focal  parameter; 

e  -  orbital  eccentricity; 

p  -  gravitational  constant. 

For  a  manoeuvre  to  rise  perigee  and  brake  apogee  rise  at  the  same  time,  the  fol¬ 
lowing  restrictions  are  imposed  on  angular  duration  Ea  and  Ep  of  halves  of  apogee  and 
perigee  ignitions: 


Ea  (2  +  K;,,  (1  -  e)  -  e)  +  eCsinCE^ )  -  sin(Ep)) 

K^(l-e)-e 

_  (4  +  e)Ep  -i-4(sin(EA)  +  sin(Ep))  +  0.5e(sin(2E ^ )  -  sin(2 E p )) 

4-f-e 
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For  the  case  of  apogee  rising  and  compensation  of  perigee  rising,  the  restriction 
on  half  of  region  Ep  of  perigee  ignition  has  the  form: 

g  _  E^(e  +  K^(l  +  e))  - e(sin(E  J - sin(Ep)) 

2  +  e  +  KN(l  +  e) 

_  (4  -  e)Ep  -  4(sin(E^)  +  sin(Ep))  +  0.5e(sin(2E^)  +  sin(2Ep)) 

___ 

Obtained  condition  provides  estimation  of  control  for  orbital  transition  with  de¬ 
viation  of  actual  use  of  characteristic  velocity  from  minimal  possible  values  within  lim¬ 
its  +  10  %  for  the  coefficient  of  non-optimality  Kp  <  60  %. 


Search  of  rational  intermediate  orbit 


V.  Vasilyev 


6 


As  it  can  be  seen  from  the  ftg.3,  for  any  inclination  the  radius  of  intermediate 
orbit  apogee  exists  when  total  eonsumption  of  fuel  to  malce  manoeuvre  is  minimal. 
Function  of  radius  of  intermediate  orbit  apogee  vs  intermediate  orbit  inclination  is 
shown  on  fig.4  .  Base  line  orbit  is  the  circular  orbit  of  4000  km  height. 


Fig.4.  Function  of  apogee  height  of  optimal  intermediate  orbit  vs  inclination. 


Fig.4  shows  that  growth  of  inteimediate  orbit  inclination  an  optimal  apogee  ra¬ 
dius  is  increased.  With  increase  of  radius  of  intermediate  orbit  apogee,  expenditures  to 
change  inclination  are  decreased  but  propellant  consumption  connected  with  transition 
to  intermediate  orbit  and  subsequent  transition  to  GEO  grows.  In  searching  a  rational 
control  necessity  shows  up  to  determine  intermediate  orbit  where  minimum  propellant 
quantity  is  consumed  to  perform  the  complete  manoeuvre.  In  impulse  statement  subject 
to  adopted  limitations  on  sequence  of  orbital  transitions  this  task  amounts  to  search  of 
extremum  of  single  argument  function,  i.e.  radius  of  apogee  of  intermediate  orbit. 

Duration  of  manoeuvre  performed  using  EJPS  only  considerably  exceed  a  per¬ 
missible  value.  Therefore  necessity  appears  to  use  LPRE. 

Injection  to  GEO  using  combined  propulsion  system 

Proceeding  from  condition  of  maximization  of  reactive  acceleration  of  propul¬ 
sion  system  let  us  take  that  it  is  reasonable  to  use  LPRE  at  the  initial  stages  of  manoeu¬ 
vre  and  after  the  whale  propellant  depletion  and  LPRE  jettison  only  use  an  EJPS. 

Because  of  LPRE  operation  purpose  is  to  "blend"  with  required  manoeuvre  time, 
it  is  evident  that  approach  for  its  use  shall  be  as  follows:  LPRE  is  used  to  transit  to  in¬ 
termediate  orbit  and  change  of  inclination  and  EJPS  is  used  to  reach  GEO.  In  case  of 
lack  of  time  to  make  transition  to  reach  GEO  an  LPRE  is  used  sometimes. 

On  the  phases  where  LPRE  is  used,  estimations  can  be  carried  out  in  impulse 
statement  considering  that  characteristic  velocity  is  used  instantly.  Manoeuvres  per¬ 
formed  with  the  help  of  EJPS  are  estimated  by  method  described  above. 


*  In  calculating  function  of  optimal  height  of  intermediate  orbit  apogee  vs  inclination  the  control 
was  estimated  for  Kn  =  0..5. 
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Function  of  optimal  radius  of  intermediate  orbit  apogee  vs  intermediate  orbit  in¬ 
clination  is  shown  on  fig.5.  Base  line  orbit  is  circular  of 4000  km  height. 
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Fig.5.  Function  of  optimal  intermediate  orbit  apogee  height  vs  inclination. 

As  it  can  be  seen  from  fig.5,  apogee  height  curve  has  one  horizontal  part.  Corre¬ 
sponding  to  GEO  height  for  inclination  values  within  range  of  2.. 83  deg.  The  obtained 
data  allow  to  make  a  conclusion  that  altitude  of  apogee  of  a  base  line  orbit  should  be 
aimed  to  GEO  altitude. 

Let  us  perform  comparative  analysis  of  SC  final  injection  manoeuvre  to  GEO  for 
the  cases  of  using  the  EJPS  (initial  SC  mass  is  850  kg)  and  combined  propulsion  system 
(initial  SC  mass  is  1700  kg).  Base  line  orbits  is  circular  of  4000  km  height,  2.03  and 
46  deg.  inclinations.  Results  of  calculation  are  given  in  tables  2  and  3. 


Table  2. 


Parameters  of  base 
orbit 

manoeuvre  duration,  days 

Required  propulsive  mass,  kg 

i,  deg 

h,t,  km 

h«,  km 

1  phase 

2  phase 

3  phase 

total 

1  phase 

2  phase 

3  phase 

total 

46 

4000 

4000 

810 

353 

269 

1432 

124 

no 

93 

327 

5 

4000 

4000 

133 

142 

345 

620 

36 

36 

158 

230 

Table  3. 


Parameters  of  base 
orbit 

manoeuvre  duration,  days 

Required  propulsive  mass,  kg 

i,  deg 

h,i,  km 

ha,  km 

1  phase 
(LPRE) 

2  phase 
(LPl^) 

3  phase 
(EJPS) 

total 

1  phase 
(LPRE) 

2  phase 
(LPRE) 

3  phase 
(EJPS) 

total 

46 

4000 

4000 

0 

0.3 

175 

175 

731 

389 

194 

1314 

5 

4000 

4000 

0 

0.3 

180 

180 

731 

54 

277 

1062 

As  it  can  be  seen  from  the  tables,  for  the  given  case  time  for  final  injection  using 
the  EJPS  only  exceeds  permissible  time  more  than  in  three  times.  Duration  of  manoeu¬ 
vre  using  combined  propulsion  system  equal  175  and  180  days  that  is  within  permissi- 
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ble  range.  In  addition,  if  there  are  no  any  restrictions  imposed  on  manoeuvre  duration 
then  due  to  reduced  propellant  consumption  when  using  the  EJPS,  only  a  possibility  of 
two  SC  final  injection  to  GEO  of  is  arisen. 
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B  nocJieflHHe  roau  b  rocyxiapcTBeHHOM  paKeTHOM  ueHTpe  paspabaTU 
BawTCH  cjiejnywiUHe  paKeTHO-KOCMHMecKne  HanpiiBJieHwfl  Ha  ocHOBe 

npHMeHBHHH  OTpaOOTaHHbIX  TeXHO/IOrHH  Bpn/f: 

1.  3anycKM  c  no-aBOUHtix.  hoaok  nepeooopynoBaHHbiMVi  p'aKaTaMU 
BKcnepwMeHTa^BHfcJX  m  TexHOJiorHMecKHx  o/iokob  b  sepxHue  cjioh  aTMOC- 
cpepM  c  ue/ibio  HavMHUX  MCc;ienoBaHMH  h  nojiyneHHg  MaTepna/ioB  h  oho- 

npenapaTOB  b  yc/iOBHHX  MHKPorpaBHTauHH . 

2.  CoBnaHHe  Ha  ocHOBe  TexHOJiorwM  h  sneMeHTOB  oa/iJiHCTHwecKwx 
paxeT  noflBOflHbix  jioaok  iBPn/n  KOMMepuecKwx  paKeT-wocHTeaefi  asiR 
sanycKa  HH3Koop6HT<aJibHfcix  ManoraoapwTHux  xocMHMecKwx  annapaTOB 
nycKawH  c  HasewHoro  CTapTOBoro  KOMn/iexca  jimoo  c  noaBoaHon  /ioakh. 

B  paMKax  nepBoro  HanpasAeHHH  fPLi  peiueHa  aaaaMa  cosaaHHH 
cnacaeMtpt  JieTaTe/it>iviot  annapaTOB  c  HayHHO-TexHOAorwMecKOH  annapa- 
TypoH  npoBeaeHHH  BKcnepuMenTOB  b  vc/iobwhx  KpaTKOBpeMeHHOw 

HeBecoMOCTH  H  cpeflCTB  HX  aanycKa  na  oase  cHHMaeMux  c  BoopyxeHMH 
paxeT  BM^.  Kax  noKasHBaeT  nojioxHTexibHbivi  onuT  pHAa  cTpan,  b  tom 
MHCAe  CUl/i,  RnoHHH,  reF>MaHWH,  ‘I'paHunH,  b  noAooHbK  sanycKax  moscbt 
obiTb  peuieH  ueAMii  pha  saAaM  oo/iacTw  xocMUMecKoro  MaTepwaAOBeAe- 
HH«,  a  'yaxxe  nposeAen  uihpokhh  Kpyr  BKcnepHweHTOB  npwKAaAHoro  h 
tpyHAaMeHTeiAbHoro  xapaxTepa..  PBHAy  onepaxHBHOcTH ,  hhbkoh  ctohmocth, 
TAyPOKOrO  ypOBHH  MHKporpaBMTfiUHH ,  SKCnepMMeHTbl  E  yCAOBHHX  KpaTKO- 
BpeMCHHOH  HeBSCOMOCTH  paUHOHaABHUM  ODpaPOM  AOnOAHHhOT ,  a  B  p«Ae 

cAynaeB  hbahiotch  aABTepHaTHBOW  wccAeAOBaHHH ,  npoBOAHMbi:<  Ha 


OpOHTaABHblX  CTaHUHHX. 

ria  case  KopnycoB  CHHTbix  c  BOOpyKeHWH  Doc=jroAOBOK  paopaboTaHW 
cnacaeMbie  annapaxbi  aah  npoBeAenwH  sKcnePHMeHTOB  no  noAyMeHHw 
KPHCTaAAOB  noAynpoBOAHHKOBUx  MaTepwa/ioB  tannaparypa  Orphht  )  h 
CBepxMHCTbix  OHonpenapaTOB  tannapaxypa  ‘'MeAvaa*' ) .  b  xeueHHe 
1991-1993  roAOB  npoBefleHU  tpw  ^KcnepwMeHTaABHo-AeMOHCTpauMOHHbix 


nycKa  paxeTU  "SbuSb" ,  cosAaHHow  wa  base  baAAWCTHMecKOH  paxeru 
FCM-25.  JlornHecKHM  npoAOAxeHHeM  sthx  paooT  ctsao  npoBeAeHHe  b 
1995  roAy  MexAyHapoAHoro  sxcnepHMeHTa ,  b  xotopom  paxeTOw  boAHa 


Cbpwjcl)  ( nepeobopyAOBaHHas  BPnH  PCW-50)  c  noABOAHOW  aoaxh 
'  KeunbMap"  no  oaAAHCTHMecxoH  Tpacce  bapeHueBO  Mope  -  noAyocTPOB 
fcaMMaTKa"  npoBeACH  sanycx  repMaHcxoi-i  anuapaxyphi  bar  HccAeAOBaHWR 


npODAeM  TepMMWeCKOH  KOHBeXUMH. 


riepean  _  1  _ BTopan 

ctvneHb  *1*  cTvneHb 


TpeTbfl  CTvneHb 


PaKeia-HoduTenb 

“BojiHa" 


TexjiwecKMe  xapaKTepMCTMKM 

l  Bo3MOMHocni  PH  no  BteeneHNo  CAA  Ha 
cy6op6HTa/wtiie  rpaeKTopwi 


HaxaCflA 

ISOtmiNr 

8  TOM  «ciK  Hav^  tmapnypy 
raOapMTu  30IU  Am  HaywiI  annaiiaTyptii 

nonsoir 

Anna 

ANMOTp 

SOOtSTOIm 

ypCOMM  NWOMnaMTtttW 

Sp«M  HiaeUMOCTM 

22(301  M8i 

2.  Bosmomhoctm  PH  no  BbBeflmw  HA 
Ha  oHonoaoMuo  opfiMTbi 

а)  603  Hcnonbaoeawn  A/IV 
wcu  KA 

worn  NptrowM  opOmtu 
maomm 
raOapMni  mu  im 
paiiwMini  KA 
auM 
DNMMp 

б)  c  HcnonbsoeanwH  A/iV 


Mkc«  KA  aMOMMTO  M  cpOmy 

awoTgO  200  m  nwdemimmm  0  90  kt 

bucotcA  200  KH  KaonwMM  90  fss  w 

■mcotoA  too  iw  NamoHeNW)  0  120  xr 

auCOTOM  too  NH  HWnOHMMN  90  05  NT 

OptHHTHioeo<«ue  ratapMTu 

MM  am  paaNMMM  KA  9«(MS3MS3  m 


A  , 

OPtaetAHe  ■  CHiAwi  yUMM  (fKWimMI  MHWMA 

a  oOeciwHtHw  Noropui  pasepwru 
conaartTanniw  paOctm 


16  M- 

200^m 
0L25  rpan. 


I6?0tw 
050  m 


B  cnacaeMOM  annapaTe  kpomc  HayMHtox  npMoopoB  MaccoH  i05  Kr  6btn 
pasMeweH  ooptoboh  H3MepHTejifc.HUH  KOMnjieKc,  ooecneMUBaioiuHH  ynpaB/ie- 
Hwe  BKcnepMMeHTOM  m  KOHTpojiJb  nojieTHhix  napaweTpoB,  TpexKacKaflHaH 
napauiioTHaH  CHCTewa  npwseMJieHHH  h  annapaTypa  zjjih  onepaTWBHoro  (He 
DOJiee  2  uacoB)  noHCKa  annapaTa  nocjie  npuseM/ieHUH .  C  ue^Bio 

CHHateHHH  CTOMMOCTH  H  CpOKOB  paSpaOOTKH  B  MaKCHMaJTBHOH  CTeneHM 
SaHMCTBOBaHbl  TeXHMMeCKHe  peweHHH,  ysjlfal  H  npHPOpbl  CepHWHUX 
paKeTHbDC  KOMn/ieKCOB. 

B  npouecce  npoBeaeHHoro  nycKa  ypoeeHt  MHKporpaBWTauwn  cocTaBHJi 
g  npH  BpeneHM  HeBecowocTH  20,5  WHHyT.  npoBeaeHHbrft 
POCCHHCKMMM  H  repMaHCKHMM  CneUHajlMCTaMH  aHa/IM3  nOJiyMeHHOH  HHCtopMa- 
UMH  noKasaJi,  mto  Bce  TexHHMecKwe  h  ■  HayMHue  saijaMM  3KcnepnMeHTa 
BhinojiHeHU  no/iHOCTBio.  OocJieiiyjomMe  pacowHe  BCTpewM  poccmhckhx  h 
3apy6exHbix  (FepMaHHH,  Bhohhh)  cneunaxiHCTOB  noxasajiH,  mto  ajih 
paSBHTHH  COTpyjQHHMeCTBa  no  3KCnepWMeHTaM  B  HeBeCOMOCTH  HeOPXOBHMO 
B  aeuiBHefiiueM  yBeJiuMHTt  Maccy  sanycxaeMOH  annapaTypu  h  BpewH 
HesecoMOCTH,  yjiyMiuHTB  cepBHCHoe  ooecneMeHne  Hay<-JHOH  annapaTypti. 

B  rPU  HanaTU  ncc;ie£ioBaHHH ,  KOTopue  noKaauBaioT  npHHUHnnajiBHyK) 
BOSMoaiHOCTfc.  co3naHH«  cnacaeMoro  xieTaTejibHoro  annapara  c  HayMHoH 
annapaTypofi  MaccoH  ao  30u  kf,  canycKaeMoro  paKeTOH-HocHTe/ieM 
Bq/iHa  '  no  TpaexTopHM  c  BpeMeneM  neBecoMOCTu  .30  MunyT  npw  ypoBHe 
MHKporpaBHTauHH  10“^...10~®  g.  B  cocTaB  cnacaeMoro  annapaTa  bkjiio- 
MaioTCH  CHCTeMU,  ooecneMHBawwne  pacmnpeHHbivi  kohtpo/ib  HayMHOH 
annapaTyjii  npH  npeacTapTOBoH  noziroTOBKe ,  ynpaBJieHwe  eio  b  nojieTe 
c  HaseMHoro  ny/iBTa,  bosmojkhoctb  OTpaooTKH  h  nepeziaMH  BHfleoHHfjpop- 
MauHH.  BiaKCTa  "Bo/iHa"  moxot  bbiTB  HcnojifasoBaHa  c/ih  sanycxa  Ha 
cyc>op6nTajnt>Hbie  TpaeKTopHH  annapaTypu  ann  HccjieaoBaHHH 

reotpMSHMecKWX  npoueccoB  b  BepxHHX  cjiohx  aTMoctpepu  w  b  bJiwxHeM 
KOCMOce,  MOHMTopHHra  noBepxHOGTw  3eMJiw,  npoBeaeHHH  pasai-mHux,  b 
TOM  MMcne  aKTHBHbix,  3KcnepwMeHTOB .  Bona  pasMemeHHa  noaesHOH 
HarpysKH  npeacraBJiHeT  copoh  yce'-ieHHUH  Konyc  bucotoH  1570  mm, 
AwaMeTpoM  ocHOBaHHH  135u  MM  w  paAHycoM  npHTynaeHHH  BepuiHHu  KOHyca 
405  MM.  PaxeTa  obecneMHBaer  BUBeaeHwe  noaesHHX  HarpysoK  MaccoH 
600... 700  Kr  Ha  TpaeKTopwH  c  MaKCHMa/iBHOw  bucotoh  1200...  1300  km, 
a  c  MaccoM  100  xr  -  c  MaKCHMaabHon  bmcotom  ao  3000  km. 

VlMeeTCfl  BOSMOatHOCTb  yCTaHOBKM  Ha  paiCeTe  HeCKOAbKHX  SJieMeHTOB 
noJie3HOH  HarpysKH  h  hx  nocASAOBaTe/iBHoe  oTAe/ieHi-ie . 

BTopoe  HanpaBJieHHe  paKeTHo-KocMWMecKOH  TenaTUKH  FocyAapcTBeH- 
Horo  paxeTHoro  ueHTpa  oasHpyeTcn  na  HcnoAbsosaHUH  aah  cosAaHHH 


DaKGT-HOCHTejieH  MaTepHa/ifcHOH  MacTH  H  TexHOJioritH  PCM-b4 

l  paKeTHO-KOCMH^eCKl-iH  iCOMIUieKC  ‘'UlTH.ni3  ). 

UTJUHMHTeJlbHOH  OCOPSHHOCTBiO  3TUPO  fv  OMIlJiaKoa  HiiJlHC  1  CJi 

Hcn0Jiii30BaHne  cymecTsyioiueH  MHCppacTpyKTypbi  noJiwroHa  lienoKca  ,  b 
TOM  MHCJie  HaseMHUX  CTapTOBbIX  coopyaveHMH,  a  TaKKC  cepHHHbix 
oa/unHCTMMecKHX  paKCT  PCM-54,  oHviMaeMbix  c  boeBoro  aeKypcTBa. 
MHHHMaJiBHue  flOpabOTKH  no  paKBTe  ooecnenaT  bucokvk)  naziexHOCTfa 
M  TOMHOCTB  BbIBefleHHJI  nOJlBSHOW  HappysKH  Ha  oppHTy  npw  HH3KOH 

CTOHMOCTM  nycKa  (4*5  mjsh . aoj-in . CiliA ) . 

Rpeijno/iaraeTCJ?  npoBSiieHMe  nycKOB  KaK  c  HaasMHoro  cTapTOBoro 

KOMn/ieKca,  Tax  h  H3  uiaxTH  noflBOZiHOH  jigakw. 

PaboTH  no  cosflaHHK)  KOMnjieKca  npoBOiiHTCH  nosTanHO.  Ha  nepsoM 
sTane  paspabOTKM  noJiesHan  HarpysKa  pasMewaeTCH  b  uiTaTHOM 

oTceKe.  PaKeTa-HOCMTeJib  b  stom  sapnaHTe  nMeeT  HaaeKC  "lllTHnb 
( O/iawfl  2 ) .  flycKM  npoBOXiHTca  ns  uiaxTbi  noflBojjHoH  jigakh  . 

Ha  BTOPOM  3Tane  paspaboTicn  fl/ia  pasMeiueHMfl  nonesHOH  narpysKH 
co3flaeTC»  OTceK  nojiesHOH  HarpysKH,  kotopuh  coctoht  M3 
aapoAHHaMM'^ecKoro  obTCKaTeJiH,  copacbiBaeMoro  b  nojieTe,  w 

nepexoflHHKa,  na  kotopom  paswemaeTcn  no/iesaa^  HarpysKa  h  kotopuh 
obecneMMBaeT  CTUKOBKy  oTcexa  nojiesHow  narpysKH  c  paxeTofi. 
PaKeTa-HOCHTeJifa  b  Wm  BapnaHTe  wMeeT  HHaeKc  '111th/ib-2"  2). 

nycKH  nwDBOflOTCPi  c  HaseMHoro  cTapTOBoro  KOMnjieKca  h  hs  luaxTH 

nOZlBOflHOIJii  /lOflKH. 

PAKfiTHO-KOCMHHECKllH  KOMnJlEKC  C  PAKETOH-HOCMTEJIEM  UITHJlb 


ObecneHMsaeT  BbmeaeHHe  nojiesHbix  HarpysoK  pasjiMHHoro 
HasHBMeHHH  Ha  KpyroBue  opphtli  BbicoTon  no  400  km,  nwbo  Ha 
s^jiHnTHMecKHe  opbHTH  c  nepnreeM  flo  400  km.  CTapT  ocymecTB.nHeTCR 

M3  uiaxTM  noBBoxiHOM  .noBKM  KXiacca  iiejibqiHH  '. 

7  WOJIH  SToro  rofla  paKeTOM-HOCHTe^eM  ■  "lilTMJib'  bbmo 
ocywecTBJieHO  BHBeaeHMe  Ha  oKOJioseMHyio  opphty  ^byx  HaHOcnyTHMKOB 
paspaboTKH  Bep/iWHCKoro  TexHMMecKoro  yHMBepcMTeTa,  KOTopue  ycneuiHO 
(pyHKUHOHMpyioT  Ha  paboMOM  opPHTe.  B  HacTonmee  Bpenn  FPU  c  neMeu- 
Kofi  cTopoHofi  BeneT  neperoBopbi  o  sanycKe  MHKpocnyTHWKa  ExspoSat 

B  2000  rofly. 

PaXeTHO-KOCMHMeCKHM  KOMn/lSKC  COCTOMT  M3.. 

-paxeTbi  KOCMHMecKoro  HasHaMenwH  liiTHJib  ; 

-MH(J)OPMauviOHHO-M3MepHTejifaHoro  KOMn^ieKca ; 


TeXHHMeCKOM  nOSHUHH; 

-CTapTOBoro  icoMnjieKca  noasoaHOH  TioaKw. 

PAKiiTA  KOCMHHEOKOrO  HA3HAMEHKE  "iilTHAb” 


CosaaeTCH  hs  base  6aaancTHMecKOM  paKeTw  noaBoanux  aoaoK 
SS-N-2'3  (PCM-54;.  flopaooTKH  npoBoaaTca  Ha  CeBepHOM  noanroHe, 
pacnoaqticeHHOM  b  ApxaHreabCKOn  ocaacTH. 

BopTOBaa  annapa-rypa  paxeTbi  KocwHMecKoro  HaBHaMeHHH  '•lilTnab" 
paooTaeT  b  HHepuHaabHOM  peacHMe. 


rioaesHaa  Harpysxa  pasMemaeTCH  na  paxeTe  b  cneunaaBHOH 
saiuHTHOH  xancyae  na  MecTax  uiTaTHon  ueaeBOM  HarpysKw.  Kancyaa 
obecneMHBaex  saiUHTy  KA  ot  TenaoBux,  axycTHHecKHx  h  npovHx 
BosaeHCTBHH  CO  CTopoHU  BepxHen  cTyneHH  paxeTu.  flocae  Buxoaa 
paxeTbi  Ha  saflaHHyio  opoHTy  OTaeaneTCH  xancyaa  c  Ka,  h  paxeTa 
yBOiiHTCH  c  TpaexTopHH  noaeTa  noaesHon  Harpyoxn.  PacKphiTwe  xancyabi 
w  ocBoboxfleHHe  KA  ocymecTsaHeTCH  nocae  Toro,  xax  paxera  ymaa  aa 
paccTOHHHe,  HCKajoMaiowHe  BosaewcTBue  OTpyw  ziBwraTeaeH  aa  KA. 


OCHOBHblE  XAPAKTEPMCTMKM  PAKETHO-KOCMMMECKOrO  KOMO/IEKCA 
G  PAKETOA  "IJiTId/lb" 


Me CTO  CTapTa 
Cnoco6  nycKa 


CTapTOBaa  Macca ,  t 

fabapHTu  paKeTu,  m 
aaHHa 

AHaMexp  paxeTu 


Mhpoboh  oxeaH 

H3  nyCKOBOH  UiaXTbl 
noziBoziHOH  aofiKw 
Kaacca  'ileabcpHH'' 
39 , 7 

14,6 

1,9 


06T.eM  SOHM  rtjinesHOH  aarpyaxM , 

M^ca  ncaesHOM  HarpysxH,  BbiBoanMOH 
Ha  xpyroByK)  opbMTy  bhcotoh 
400  KM  H  HaxaoHeHHeM  79 


0 , 183 


rpaaycoB,  xr 


70 


PAKETHO-KOCMHMECKMh  KOMnJlEKC  IllTi4Jlb-2 
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iIp^),,.lHa3Ha4eH  BbllSeceHHH  MaJIOpaSWepHbLX  KOCMHMeCKHX 

annapaTofe  paajiHHHoro  HasHaqeHwa  na  oKo/ioaewHbie  opbu-rti. 

KMn^ieKo  oo3;.aeTC«  Ha  oa-ae  6aaaHCTMMeoKH.x  paxeT  noaBOUHHX 

^OJIOK  bb-N  23  (PCM-54i  H  cymecTBVBUieH  WHtppaoTpyKTypM  CeBePHoro 
nomroHa,  paono^c.>.eHHoro  b  apxaKreaBCKOH  opaaPTH  „  PeaaBapHHHo 
3KcnjntyaTHpyeMOi"o  b  pasjiHMHbix  peacHMax  6o/iee  20  jier . 

HaseMHUH  crapTOBbiH  KOMn/ieKc  nosBo^aeT: 
i.  OcymecTBJiHTb  ao  iO  nycKOB  b  roa. 

2-  SanycKaTb  cepHio  Koc•MH^ecKHx  annapaTOB  c  MHHwwaaBHbiM 
HHTepBaaoM  ao  15  cyTOK. 

d.  OOecneuHTB  na  npoTHa^eHww  aanTeatHoro  BpeMenw  aeKypraoH 
peacHM  c  BbicoKOH  roTOBHocTBK  paxeTbi  K  nyexy. 

4.  noayMaTB  b  xoae  noaeTa  paxeTbi  TeaeweTpuMecKyio  HHcpopMaunio 
c  oopTa  c  noMoujbio  HH(popMauHOHHbix  cpeacTB  McnuTaTeabHoro  noaHroHa 
H  BblHOCHUX  H3MepHTe/lbHbIX  nVHKTOB. 

KoMnaeKc  coctoht  hs : 

paxeTbi  KOCMHMecKoro  HasHaqeHHH  "iUTnab-2''; 

HaaeMHOro  cTapTOBoro  KOMnaeKca; 
ueHTpa  noaroTOBKH  noaeTHoro  saaaaHH ; 
noanroHHoro  HSMepuTeabHoro  KOMnaeKca; 
ueHTpa  oppaPOTKH  TeaeweTpuMecKon  HHcpopwauHH. 

PAKliTA  KOCMHHECKOrO  HAdHAMEHM^i  ■'iliTMAb-2" 


Han  pasMeiueHHH  noaeanoH  HarpyaxM  na  paxe-re  npoHSBoaHTCH 
aopaooTxa  paxeTbi  PCM-54  b  MacTW  cosaaHHH  oTcexa  noaesHOH  HarpysxH, 
KOTopbiM  npeacTaBa^ujT  copoh  aapoaHHaMbwecKWH  oPTexaTeab  h  ’ 
nepexoaHH^',  o6ecneMHBajoiuHH  CTbixoBxy  noaesHOH  HarpyaxH  c  paxeTow. 

UP-beM  OT^exa  aa«  pasMeweHHH  noaesHOH  HarpyaxH  cocTaBaneT 
1.67  xyb.M.  (  Pmc  3.) 

AspoawHaMMMecKHH  oPTexaTeaB  BbinoaHea  r-epMeTW3wpoBaHHbM  aaa 
opecneMeHHH  nuae-BaarosaiUHTH  noaesHOH  HarpysxH  h  cHaO^eH  CHCTewoH 
pasaeaeHHa  h  cbpoca.  KoHCTpyxunH  aspoanHaMHMecxoro  obTexaTeaH 
BonycxaeT  ,BbinoaHeHwe  aioxoB  Ha  6okobom  noBepxHocTw  ooTexaTeaa  aan 
noaBoaa  AQnoaHHTeabHHx  cBHseH  noaeanoH  Harpyaxw  c  annapaTypofi 
HaseMHoro  CTapTOBoro  xoMnaexca. 

MHOrq^HcaeHiibie  nycxH  c  HaseMHoro  wcnHTaTeabHoro  cTeHaa  h 


OSTeKare/ib 

3oHa  no/ie3Hoi?i  HarpysKM 


npuSopHbii^  OTCeK 


TeneHQipuMecKaa 


CiapTOBafl  Macca  paKeru  39.9 

KoflMMecTBO  CTynenef^  3 

TonanBO  c 

aMnyananpoeaHHoil^ 

aanpasKof^ 

OSbCM  30HU  noaesHofi  Harpy 3km,  1.8T 

MecTO  CTapra  HCK-37K 

(n.  HeHOKca) 


3HepreTHHecKne  xapaKiepMCTHKH 
PKH  "LlJTnab-2"  npH  BUBeASHHM 
Ha  HH3KMe  OKoaoaeMHue  op6nTbi. 


HaKflOHeHHG  Op6nTbl 
1-77” 

HaK/iOHeHne  op6nTb/ 

I-88” 

Bbicora 

Kpyroaof\ 

OpbHTU,  KM 

- - - 1 

Macca 
noaesHoi^ 
HarpysKM,  xr 

Bucora 
KpyroBoPi 
Op6nTbl,  KM 

Macca 
no/ie3HOH 
HarpysKM,  Kr 

200 

330 

200 

265 

500 

159 

500 

142 

750 

50 

740 

48 

Phc3.  F^aKeia  KocMnnecKoro  HasHaneHUR 

*LUTM/ib-2* 
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I4EHTP  OBPABOTEH  TEJlEMETPtmECKOH  ilH'5>OPMAUHW 

OAecneMHBaeT  obpaooTKy  BceM  3aperncTpnpoBaHHOH 

TejieMeTpHMecKOH  HH(t>opMauHM  ann  npencTaB/ieHMH  pesy/ibTaTOB 
oopapoTKH  B  yflODHOM  ziJiH  noTpePHTejicM  BHae. 

llycKH  c  MaseMHoro  CTeHZja  ooecneMHBaioT  cpopMupoBaHne  opdht  b 
CpaBHHTeZTfaHO  HeDOJlblUOM  flHanaSOHe  HaKZlOHeHHH  OPPHT  OT  no 

33^,  MTO  besyczioBHO  orpaHWMWBaeT  o6/tacTb  wcnozibsoBaHHfl 
KOMriJieKca.  rocyaapcTBeHHtJM  paKeTHtifri  ueHTpoM  oujih  npoBefleHw 
npopaboTKVJ  no  bosmoxhoctw  npoBeneHuH  nycKOB  paneTbi  KOCMi-mecKoro 
HasHaMeHHJi  "lilTM/ib-2'’  c  noflBOflHOM  zioziKw  B  flHanasoHe  uiwpoT  ot 
ao  77°. 

Bbino/iHeHHhie  pabOTu  noKasaziH  peazii-isyeMocTb  nycKa  W3  maxTbi  npw 
npoBezieHWH  HeodxoflHMux  aopabOTOK.  Fiph  btom  coxpaHHeTCH 

BOSMOXHOCTb  HCnOJlbSOBaHHH  nOJSBOZIHOW  JIOUKH  nO  UejlBBOMy  HaSHaMeHHK). 

OCHOBHblE  XAPAKTEPWCTMKM  KOMOJIBKCA 

MecTo  CTapT  apxaHrejibCKa«  o&JiacTB 

i  HaaeMHblH  CTpTOBblW  KOMOZieKC  ; , 
MwpoBOH  oxeaH 

t  W3  lUaXTbl  nOflBOflHOH  JlOilKH  > 


FaBapHTU  paxeTbi,  m 

ii/iMHa  16,35 

awaMeTp  paxeTu  1,9 

AHaMeTp  oPTeKaTezia  1,272 

06i»eM  30HH  noziesHOM  HarpysKWnM^  1,87 

OrapTOBaH  Macca,  t  39,9 

Macca  nojiesHOH  HarpysxH,  xr 

i=78  rpazu,  H=200  km  330 

i=78  rpaji.  ,  H=740  km  50 

1=0  rpafl, ,  H=610  km  350 

1=0  rpafl, ,  H=1040  km  50 

CTOMMOCTb  nycKa,  mzih . aojizi . CUIA  4-5 
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noziBOZiHbix  /loaoK  noKasa/iH  BucoKyio  HauejsHocTB  cepHHUoti  paKSTW 
Pb— N— 23  iPOM— 54>  —  npoTOTuna  paKeTbi  lilTHJib— 2  "  (uocTHPHyTa 
BepoHTHocTfa  ycneiUHoro  nycKa  w  nojieTa  He  MBHee  o.96). 

BesonacHOCTb  3Kcn/iyaTam-iw  ODecneMWBaeTCH  KOMn/ieKcoM  cxcmho- 
KOHCTpyKTHBHbJX  H  TeXHOJlOPHMeCKHX  MSp,  OOecnCHHBaiOWHX 

repMeTHMHOCTb  TOnJlHBHblX  CHCTeM  aMny/IH3HP0BaHH0H  paKeTfcJ, 
HCRJllOMeHHe  B03MOXHOCTH  BbUJaMH  HeCaHKUHOHHPOBaHHbIX  KOMaHfl  Ha 
riHpOCpeflCTBa  W  ap.  ^C^)CtleKTHBHOCTI:>  KOHCTpyKTKBHO-TeXHOaOrHMeCKHX 
peiueHWM  noaTBepxaena  noaoKHTeabHbiMH  pesyabTaTaMH  SKcnayaTauHH 
cepHWHiiix  paxeT-npoTOTHnoB . 

HABEMHtm  CTAPTOBbIPl  KpMnJlEKC 

ExaiOMaeT  b  ce6H  TexHiHMecKyio  h  cTapTOByw  noswunH, 
ocHaiiieHHbie  annapaTypoH  aan  xpaHeHna  paxeTbi,  nposeasHHa 
npeanycKOBbix  onepauHH  w  nycxa.  paxeTbi. 

KOMn/lEKC  CHCTEM  ynPAB/lEHM 

ObecneMHBaeT  ueHTpaansoBaHHoe  aBTOMaTi-mecKoe  ynpaBaeHHe 
CHCTeMawH  KOMnaeKca  bo  Bcex  sKcnayaTam-ioHHbix  pexMMax,  ynpaBaeHne 
npeanycKOBoA  noaroTOBKOH  w  nycxoM  paxeTbi,  noaroTOBxy  TexHu-qecKOH 
HHcpopMauHH  H  HoaeTHoro  BaaaHHH ,  bbob  noaeTHoro  aaaaHHH  m 
ynpaBaeHHe  paxeTOH  rtp  BbiBoay  noaesHow  HarpysKw  Ha  saaaHHyio  opowTy 

UEHTP  nOJQ.rOTOBKM  nO/lETHOfO  3AHAHWH 

KoopBHHHpyeT ,  nacbHHpyeT  h  npoBoanT  Bce  paooTbi  b  ^acTH 
pacMeTa  oaaavicTHMecKHX  xapaxTepucTHK  h  noaroTOBKw  noaeTHoro 
saaaHHH . 

VlH<i>OPMAUMOHHO-H3MEPilTEJlfaHbiH  KOMEJIKKC 

VlH0opMauHOHHO-H3MepHTeabHbiH  KOMrwieKc  ooecneMHBaeT  npweM  h 
perHCTpauHto  TeaeMeTpwMecxoH  HHtpopMauHH  bo  BpeM«  noaeTa,  oopapOTxy 
M  Buaa^y  pesyabTaTOB  MSMepennH  3aKa3^^lKy  nycxa. 


1-H  MEXayHAPOflHAfl  KOH<I)EPEHI^Hfl-BHCTABKA 
MAJIHE  GnyjHHKH 

HOBLIE  TEXHOJIOraH,  ^OCTHXEHHH.  nPOBJIEMH  H  nEPCnEtoBBi 
MEX^yHAPO^^HOrO  COTPy^HiPIECTBA  B  HOBOM  TtICflqEjIETHH 

l-st  ANNUAL  INTERNATIONAL  CONFERENCE  &  EXHIBITION 
SMALL  SATELLITES 

NEW  TECHNOLOGIES,  ACHIEVEMENTS,  PROBLEMS  ANB  PROSPECTS 
FOR  INTERNATIONAL  CO-OPERATION  IN  THE  NEW  MILLENNIUM 


CEKIi;HH  Vin: 


SESSION  VIII: 

JET  PROPULSIONS 


PyKOBOflexeJiH: 

A.C.  KoporeeB,  HIJ  HM.KejuiMina,  Pocchb 
r.A.  nonoB,  HHH  nM3  MAH,  Poccna 

Chairperson: 

Anatoly  S.  Koroteev,  Keldysh  ITs,  Russia 
Garry  A.  Popov,  Nil  PME  MAI,  Russia 


VIII.  1  OflHOKOMnoHeHTHbie  H  fl;ByxKOMnoHeHTHbie  yKPJl  MT  HOBoro 
noKOjieHHa  ztJia  Majibix  cnyxHHKOB 
K).  AreeHKo,  KBXHMMAIII  hm.  A.M.  HcaeBa,  PoccHa 

VIII.2  CoBpeMCHHbiH  xexHHqecKHH  ypOBCHb  H  HanpaBjieHHH  pasBHTna 
paKeTHbix  flBHraxejieii  Majioii  xarn 

O.  ;aCHpoB,  O.  KaseHKHH,  E.  JIapHH,  H.  JIe6efleB,  B.  MypKHH, 
HHHMAin,  PoccHa 

VIII. 3  ^BHxaxejibHbie  ycxanoBKH  Majibix  KOCMHaecKHX  annapaxoB  na 
ocHOBe  P^MT  HOBoro  noKOjieHHa 

C.  ByjiflameB,  T.  SaBxopoflHHH,  <I>.  KaxaHKHH,  K.  Kyjia6HH, 
HHHMAin,  PoccHa 

VIII.4  HjiasMeHHbie  flBHxaxejiH  HOBoro  noKOjieHHa  fljia  Majibix 
KocMnaecKHX  annapaxoB 

A.  Mopo30B,  PHLt  “KypaaxoBCKHH  HHcxHxyx”, 

B.  Bajie6aHOB,  HKH  PAH,  A.  ByrpOB,  A.  JlnnaxoB,  MHP3A, 
PoccHa 

VIII.5  XapaKxepHcxHKH  MHoro4)yHKii;HOHajibHoro  sjieKxpoxepMHae- 
cKoro  flBHxaxejia  KIO  (3T^) 

B.  ApxHnoB,  B.  BHHorpaflOB,  H.  MacjieHHHKOB,  B.  MypaniKo, 

A.  HaxHH,  OKB  “OaKeji”,  Poccaa 

VIII.6  HccaeflOBaHHa  3PA  MajioH  MomHocxH  h  onxHMHsaixHa  ero 
xapaKxepHCXHK  ztJia  npHMeneHHa  na  Majibix  KA 

B.  ApxHnoB,  B.  /l,HfleHKO,  A.  KopaKHH,  C.  KyapaBi^eB, 

H.  MacjieHHHKOB,  B.  MypaniKO,  A.  HecxepeHKO,  C.  OaoxHH, 
OKB  “Oaxea”,  Poccna 

VIII.7  HepcneKXHBbi  npHMCHeHHa  HOHHbix  h  xojiobckhx  ^BHraxeaen 
Majioii  MomHocxH  B  cocxaBe  MajioMaccoraBapHXHbix  KA  hoboxo 
HOKOaCHHa 

B.  Akhmob,  a.  Pa^apoB,  O.  PopniKOB,  H.  OxjioSjihh, 
Hccjie/i^oBaxejibCKHH  Henxp  hm.  M.B.  Keji;i;bima,  Poccna 

VIII.  8  HccjieflOBaHHa  no  cHHXceHHio  ypoBHa  aarpaanaiomHX 
Bbi6pocoB  ^KPflMT  H  paapaBoxKe  ojieKXpoflyroBbix  flBHraxejieH 
MaJIOH  MOIPHOCXH 

C.  HaBJiOB,  K).  HBanoB,  A.  Kjihmchko,  A.  KoaanoB, 
r.  CaBejibCB,  M.  Ca(i)poHOB,  I^enxp  Keaflbima,  Poccna 

V1II.9  XexHHHecKHH  o6jihk  3Pfl  fljia  Majibix  KA 

r.  Hhcjiob,  B.  rapKyma,  A.  CeMeHKHH,  C.  TBepfloxjieSoB, 
II;HHHMAIU,  Poccna 


VIILIO  PaspaSoTKa  Majibix  CII^ 

B.  Khm,  B.  Ko3jiob,  a.  JlaaypeHKO,  F.  ITonoB,  A.  Ckpluibkhkob, 
HHH  nM3  MAH,  Pocchh, 

K.  Kjiaycc,  ARC,  M.  1ST,  Inc.,  ,11;*:.  CaHKOBHH,  LRC, 

CUIA 

VIII.ll  BjIHHHHe  CMKOCTH  HaKOHHTejW  3HeprHH  Ha  XapaKTCpHCTHKH 

mm 

H.  KpHBOHOCOB,  M.  OpjIOB,  F.  IlonoB,  B.  Rkobjicb, 

HHH  nM3  MAH,  Poccna 

VIII.  12  JlaCopaxopHoe  Hccjic^oBaHHe  HMnyjibCHoro  luiasMCHHoro 
;i,BHraTejM  c  rasoBbiM  KjianaHOM 
H.  AHxponoB,  F.  ,ZI,bnKOHOB,  O.  JlanacB,  F.  Hohob, 

HHH  nM3  MAH,  PoccHa 

VIII.  13  nporpaMMa  HACA  CBHP.  MHKporaaoBbm  peocTax  ®ia 
ynpaBjicHHa  hoxokom  KccHona 
Hapjibx  Maji{i)opz];,  Phh  KejijiH,  MCKH,  CIHA 

VIII.  14  BMDO-SBIR.  OxpaBoxoHHwe  HcnwxaHHa  4>yHKHHOHajibHoro 
KJianaHa 

JX.  T3IIX  Illannejib,  K.  JI^xcHHry,  MCKH,  CIHA 


VIII.  1 


New-Generation  Mono-  and  Bipropellant  Low-Thrust  Liquid- 
Propellant  Engines  for  Small  Satellites 
Yu.  Ageenko,  Isaev  KBHM,  Russia 

VIII.2  State-of  the  Art  and  Trends  of  Low-Thrust  Rocket  Engine 
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O^IHOKOMnOHCHTHbie  H  JJByXKOMnOHeHTHbie 
>KP^MT  HOBoro  hokojichha  ^jih  wajibix 
CliyXHHKOB 

AreeHKO  lOpHH  HBaHOBHH 
KBXHMMam  hm.  A.M.HcaeBa 
141070,  MocKOBCKaa  o6ji.,  r.  KopojieB, 

JleconapKOBbiH  xynHK,  2. 

Teji.5 16-80-26  OaKC  516-80-01 

B  flOKnaB;e  roBopHTca  o  hobhx  peayjTbTaxax,  nojiyqeHHWx  npn  pa3pa6oTKe 
^Hj^KocTHbix  paKCTHbix  ABHraxejieH  MajioH  xflXH  (^P/l^MT),  npoBe/^eHHOH 
KOHCXpyKXOpCKHM  6lOpO  XHMHBeCKOrO  MaillHHOCXpOeHHB  (KBXHMMam)  HM. 
A.M.HcaeBa.  ,Z(BHraxejiH  pa6oxaiEOx  na  OAHOKOMnoHeHXHOM  xonnHBe  rn^^pasHH 
H  J^ByXKOMHOHeHXHOM  XOHJIHBe  aSOXHblH  XeXpOaKCH^  (AT)  H  HeCHMMeXpHHHblH 

flHMexHJixHApasHH  (H,I(Mr).  npe;i,cxaBJieHbi  oflHOKOMnoHeHXHbie  jtBHxaxejiH 
xepMOKaxajiHXHHecKoro  pasjiOKCHHH  rHflpasHHa  xaroH  5  H  h  25  H, 
OAHOKOMHOHeHXHbie  /iBHxaxejiH  KaxajiHXHHecKoro  pasjio^eHHH  xH^tpasHHa 
xhxoh  10  H  h  50  H  h  flByxKOMnoHCHXHbie  asHraxenH  xaroH  25  H,  50  H,  lOOH, 
200  H. 

B  flOiGiaae  npHBe^i;eHbi  xapaKxepHCXHKH  j^BHraxejieS,  hx  KOHCXpyKXHBHbie 
oco6eHHOCXH.  B  bhac  rpa4)HKOB  jjaHbi  ocHOBHbie  saBHCHMOCXH  napaMexpoB 
ABHxaxejieH  ox  ycnoBHH  hx  HcnonbsoBaHHa,  xaKHx  kbk  aaBJieHHe  Ha  Bxofle, 
xeMnepaxypa  h  apyrnx.  B  aoKJiaae  roBOpHxca  o6  ocoSeHHOCxax 
npe/^cxasjieHHbix  flBHraxejieH  h  xpy^HOCxax  BcxpexHBmnxca  npH  hx  oxpa6oxKe. 

PeaKXHBHbie  zi;BHraxejiH  BBjiaioxca  ofl:HHM  h3  BaacHenmHX  (|)yHKHHOHajibHbix 
3JieMeHxoB  cnyxHHKOB,  6e3  Koxopbix  cymecxBOBaHHe  h  SKcnjiyaxanHa 
KOCMHHecKHx  BnnapaxoB  npaKXHnecKH  HeB03MoacHO.  PeaKXHBHbie  ^BHraxejiH 
cosaaiox  HMnyjibC  chjiu,  nosBOJiaiomHH  npoBOBiHXb  KoppeKHHio  opGnxbi 
KOCMHHecKHX  annapaxoB,  hx  opHCHxaHHio  h  cxa6HJiH3aHHio  Ha  op6Hxe,  a  xaxace, 
npH  Heo6xoB,HMOCXH,  ocyinecxB.iaxb  pasjiHHHbie  nporpaMHbie  pasBopoxbi  h 
Apyrne  nepeMemcHHa. 

HanGojibrnee  pacnpocxpaHeHHe  b  KanecxBe  peaKXHBHbix  ABHraxeaefi  nojiyHHHH 
a(HB;KOCxHbie  paKexHbie  ABHraxeiiH  MajiOH  xarn  (^P/]^MT).  KoHcxpyKxopCKoe 
Giopo  XHMHHecKoro  MamHHOcxpoeHHa  (KBXHMMam)  HM.A.M.Hcaesa  HanaJio 
aaHHMaxbca  npoeKXHpOBaHHCM  h  oxpaSoxKOH  5KP^MT  c  1971  r.  3a  axox 
nepHOH  npej^npHaxHe  pa3pa5oxajro  6ojiee  25  naHMeHOBaHHH  5KP^MT  xaroH  ox 
5H  flo  600H,  14  H3  KOxopbix  ycnemno  sKcnjiyaxHpoBajiocb  na  nenoM  paz^e 
jiexaxejibHbix  anriapaxoB  paajiHXHoro  HaananenHa.  3xo  ^ByxKOMnoHeHXHbie 
ABHxaxejiH  xaroH  5H...600H,  pa6oxaiomHe  na  KOMnoHenxax  aaoxHbiH 
xexpaKCHZi;  (AT)  h  HecHMMexpHXHbiH  zJHMexHnrHApasHH  (H^MT),  ^BHraxenn 
xepMOKaxaaHXHHecKoro  paaitoaccHHa  rHzzpaaHHa  xaroH  5H...25H  h  ziBHraxejiH 
KaxajiHXHHecKoro  pasaoKenna  rn/zpasHHa,  xarofl  I0H...50H. 


^ByxKOMnoHeHTHbie  aBHrareJiH 

riepBoe  noKoaeHHC  HByxKOMnoHCHXHbix  ABHraxeaen  xaroH  6H  h  25H  6bmo 
coaaaHO  B  KBXHMMam  k  cepezzHHe  70-x  rozzoB.  XapaKxepHbiM  npeACxaBHxeaeM 
3X0X0  noKoaenna  aBaaexca  flBHxaxeab  73,CT-25A,  zianxeabHoe  BpeMa  ycnemno 
3KcnayaxHpOBaBmHHca  na  opGnxaabHOM  KOCMHnecKOM  KOpa6ae  «Cok)3-TM»  . 
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OcoSeHHOCTbK)  3Toro  flBHraxejifl  6biJio  to,  hto  snepsue  b  Pocchh  b  hcm  6bma 
npHMeHena  KaMepa  cropanHK,  BtinojiHeHnaa  m  xyronjiaBKoro  MaTepnajia- 
SopocHJiHpHpOBaHHoro  rpacJ)HTa.  He^aBHO  btot  ;3,BHraTejri>  Ha  KOpa6jie  «Cok)3- 
TM»  6biJi  saMCHeH  Ha  6oiiee  coBepmeHHbm  flBHraxejib  /]|CT-25,  Koxopbm 
HBJiaexcfl  npeacxaBHxejiCM  ^[BHraxejieH  xpexbero  noKoneHHfl  paapaSoxKH 
KBXHMMam.  B  3xom  ABHxaxejie  snepBbie  b  Pocchh  6biJia  npHMeHeHa  KaMepa 
CFopaHHB,  BbinojiHeHHaa  h3  xyrormaBKoro  HHo6HeBoro  cnjiana  c  McapocxoHKHM 
noKpbixHCM  M0S12.  Oxpa6oxKOK  xyronnaBKHx  HHo6HeBbix  KaMep  c 
xapocxoHKHM  HOKpbixHeM  MoSp  KBXHMMam  Hanajio  saHHMaxbca  c  1978  ro^ia. 
3a  3XOX  nepHo;i  na  npex^npHHXHH  cosxtana  xexHOJioxHH  HaneceHHa  noKpbixHH  h 
HMcexcH  Heo6xoB;HMoe  oGopy^iosaHHe  ajih  HaroxoBJieHHH  xbkhx  KaMep.  Ha  6a3e 
HHoGnesbix  KaMep  b  KBXHMMam  6bi.n  coa^aH  uejibiH  paa  flByxKOMnoHeHXHbix 
/IBHxaxejieH  Bxoporo  h  xpexbero  noKOJieHHH. 

/l,BHraxejiH  sxoporo  noKOJieHHa,  xaKHe  kbk  7|CT-25B,  /I,CT-I00,  ,ZI,CT-200, 
,ZI,CT-400  xaroH  25H...400H  o6ecneHHBajiH  yAenbHbiH  HMnyjibC  xarn  Ha  ypoBHe 
2650. ..2800  m/c  h  pecypc  ao  10000c  cyMMapHoro  BpeMCHH  pa6oxbi  (cm.  xaSaHuy 
1).  K  3xoMy  BpeMeHH  b  KBXHMMam  6bm  paapaSoxan  pejibiH  paA 
OAeKxpOMaxHHXHbix  KAananoB  A-aa  pasAHHHbix  ypoBHCH  xarn  ^P,r(MT. 
XapaKxepHCTHKH  3XHX  KAananoB  npeACxaBAeHbi  b  xa6AHue  2. 

XapaKxepHbiM  npeACxaBHxejieM  ABHraxeneH  Bxoporo  noKoncHHa  aBAaexca 
ABHraxeAb  /(CT-25B.  B  hcm  npHMCHeH  yHHc|)HHHpOBaHHbiH  SAeKxpoKAanaH 
C5.629,  a  xaKace  KaMepa  cxopaHHa  h3  HHoSneBoro  cnaaBa  c  acapocxoHKHM 
noKpbixHeM  MoSi2 .  CxeMa  CMemeHHa  KOMnoHeHXOB  -  cxpyHHO  -  HeHxpo6ea(Haa, 
o6ecneHHBaK)maa  3(|)c|)eKXHBHoe  njieHOHHoe  cMemeHHe  KOMHOHeHXOB. 

Hocjie  6oAee  rjiy6oKoro  HCCJieAOsaHHa  AaHHOii  cxeMbi  CMemenna  h  ee 
ycoBepmeHCXBOBaHHa  6bmH  co3AaHbi  ABHxaxeAH  xpexbero  noKoneHHa  /],CT-25, 
,H,CT-50,  ,H,CT-100A  h  ^CT-200A,  o6ecneHHBaiomHe  BbicoKHH  yAeAbHbiH 
HMHyAbc  2790.. ,2980  Hc/kx  h  3HaAHxeirbHbiH  pecypc  ao  50000  c  cyMMapHoro 
BpeMCHH  paSoxbi  h  ao  450000  BKAioneHHH  (cm.  Ta6jiHAy  1).  Bee  ohh  coAepaeax 
KaMepy  cropaHHa,  BbinoAHeHHyio  H3  HHo6HeBoro  cnAasa  c  acapocxoHKHM 

HOKpbixHeM  MoSB. 


Puc.  /  Paenpede/fef-tu^  meMnepamyp 
no  HapyofCHOu  nnffffpxpocma 
•  -  nCT'^S'  (mpio  i  *~A  CT~SQ  (rnfiso  ffOH). 

m-ACT-fQ0A(rr7P3P  Q-ACr-200/i (mx^a AaoP ). 

/-  Kjianon,  A  -  ^OPoSko  ^  3 

KQMepaj  S -  !ypijnnu*^ec/^o^ 

Kap-tgpfof 


/(BHxaxeAb  ,^CT-25  ycnemno 

OKCHAyaxHpyexca  na  opSHxaAbHOM 
Kopa6Ae  «Cok)3-TM»,  a  ABHraxenb  ,I1,CT- 
lOOA  HpeAHaanaHeH  A-aa  HcnoAb30BaHHa  b 
MeiKAynapOAHOH  kocmhacckoh  cxaHUHH 
(MKC)  «AAb(|)a».Bce  3xh  ABHraxean 
coACpacax  OAHOXHHHbie  CMecHxeabHbie 
rojiOBKH,  opraHHsyiomHe  CMemenne  no 
OAHOH  H  xoH  ace  cxpyHHO-neHxpoGeacHOH 
cxeMe  CMemeHHa  KOMnoHeHxoB,  Koxopaa 
oGecneHHBaex  3(|D4)eKXHBHoe  naenonHoe 
CMemeHHe  h  naAeacHyio  samnxy  cxeHKH 
KaMepbi  cropaHHa  ox  neperpeea.  Boabmaa 
aacxb  KOMHOHeHXOB  ynacTByex  b 
oxaa>KAeHHH  BHyxpeHHCH  cxeHKH  KaMepbi 
cropaHHa,  o6ecneHHBaex  npneMaeMoe 
xenaoBoe  cocxoaHiae  KaMepbi  cropanna  c 
GoabmHM  sanacoM  no  xeMnepaxype. 
MaKCHMaabHaa  xeMnepaxypa  napyacHOH 
cxeHKH  KaMepbi  cropaHHa  npH  paSoxe 
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XapaKxepHCTHKH  jjByxKOMnoHeHTHUx  flBHraTejieH 
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Areemco 


CpaBHHxejibHbie  xapaKxepHCTHKH  KnananoB 


TaSnHpa  2 


napaMexp 

(pasMep) 

C5.629 

C5.618M 

C5.622 

C5.630 

npHMeAaHHe 

FaSapHXbi, 

MM 

026*46 

033*69 

033*69 

043*90 

Bee,  Kx 

0.12 

0.24 

0.24 

0.46 

noTpe6AAe- 
MblH  XOK,  A 

0.3 

0.6 

0.6 

1.4 

U=27V,  t=20  00 

BpeMH 

10 

13 

16 

25 

U=27V,  t=20  00 

OXKpbIXHfl,  MC 
BpeMA 

3aKpbIXHA,  MC 

15 

12 

12 

28 

P=  1.5  MPa 

U=27B,  t=20  00 

P=  1.5  Mna 

/(onycicacMaa 

HerepMexHA- 

Hoexb, 

HcmVmhh 

0.025 

0.025 

0.025 

0.025 

/l,HOAHO-CXa6H- 

AHXpOHHaa 

AenoHKa 

Bo3Ayx  P=  1  H  3 

Mna 

PapaHXHpoBa 

HHOe 

KOAHAeCXBO 

300000 

500000 

500000 

500000 

Ha  BOSAyxe 

BKAIOAeHHH 

300000 

500000 

500000 

500000 

Ha  KOMHOHeHxe 

OepenaA 

AaSACHHA, 

Mna 

0.06 

PacxoA  BOAbi  20r/c 

fi,c 

ao 


m 


<50\ 


m 


0.6  as  io  a  //  IS  /3  za  z2  2,6~ za  Pg^,Mna 

PiJC.  2  3o6ucuMGcmb  pcrcxadGoso  f<OMn/)et^ca  & 
om  daSyteHuu  net  6xode 

•  -  /LCT-2S  (rvA^a  2SdJ,  *■  -ACTSO  rm^^a  SOP) 
n- ACT-iaOA  {/n/l^a  /OOd),  a~  ACT-200A  f/ri^za  S/J 


ABHraxenH  He  npesbimaex 
1200  C,  a  AonycxHMaa 
xeMnepaxypa  1 800  C 
(cM.pHc.  1).  TaKaa  cxeivra 
CMemcHHJi  o6ecneHHBaex 
npH  jik>6om  pexHMe 
pa6oxbi  ABHxaxeAH  HMSKyio 
xeMnepaxypy 

CMeCHXeJIbHOH  rOAOBKH, 
(|)naHij(a  KpenaeHHH 

ABHraxejifl  k  o6xeKxy  h 
SAeKxpoKAanaHOB  (cm. 
pHc.  I),  6AaroAapH  qeMy, 
ABHxaxeAb  He  xpe6yex  npn 


CBoeii  pa6oxe  CHCxeMbi  oxboab  xeniia  b  oGxeKx. 

TaKHM  o6pa30M,  CHH>Kaexca  Macca  ABHraxeAbHOH  ycxanoBKH  h 
3Hepronoxpe6AeHHe  6e3  yMCHbuienHa  ee  HaflexHOCxH,  qxo  oco6eHHO  sajKHO  jxjia 
Majibix  cnyxHHKOB.  3xo  npenMymecxBO  mokho  npocAeAHXfa  na  npHMepe 
ABHxaxejia  /l,CT-25,  ycxaHOBJiCHHOxo  Ha  Kopa6jie  «Cok)3-TM»  nepes 
xenAOH30jiHpyiomyio  npoKAaAKy  MeacAy  o6'beKxoM  h  KpoHiiixeHHOM  KpenAenHst. 
K  ABHxaxejiK)  He  npHcoeAHHJiioxcH  HHKaKHe  SAeMeHXbi  CHCxeMbi 
xepMoperyAHpoBaHHB  (CTP).  ^ah  oSecneneHHH  npHeMACMoro  xenAOBoro 
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cocTOflHHa  flBHraxejTJi  (HexaMepsanuji  KOMnoHeHTOB  b  ronoBice  h 
BJieKTpoKJianaHax)  b  cocxaBe  ^BHraxenji  npeflycMoxpen  sjieKxpoHarpeBaxeiib 
MOUUHOCXbio  2.5  Bx,  ycxaHOBJieHHbiH  na  (J)opcyHOHHOH  rojioBKe. 
ynpomeHHB  CHCxeMbi  ynpaBJicHHH  KOpaSiiH  «Coio3-TM»  sjieKxpOHarpeBaxejib 
He  oxKJiioHaexcH  hskc  Kor^a  paGoxaex  ^BHraxeirb. 

CxcMa  CMeuieHHH  KOMnoHeHxoB  yicaaaHHMX  Bbiiue  jiBHraxeaeii  oSecneHUBaex 
BbicoKHH  yHienbHbiH  HMnyjibc  h  nesHaMHxejibHoe  H3MeHeHHe  ero  BeJiHHHHbi  npH 
3HaHHXejIbHOM  H3MeHeHHH  3HaHeHHH  H,&BJieHHH  Ha  BXOfle  (cm.  Phc.  2). 

HeoSxOflHMO  OXMCXHXb,  HXO  flBHXaxeJIb 

- 1  /(CT-IOOA,  npeflHaaHaneHHbiH  ana 

MKC  «Ajifa{|)a»  o6ecneHHBaex  caMbift 
BbicoKHH  yflejibHbiH  HMnyjibC,  3HaHeHHe 
KOXOpOXO  npH  HOMHHaJIbHbIX  yCJIOBHBX 

paSoxbi  cocxasjiaex  2980  Hc/kx,  npH 
3XOM  OH  oSecneHHBaex  h  caMbm 
GoirbuioH  pecypc  50000c  cyMMapHoro 
_  BpeMeHH  pa6oxbi  h  450000  BKJiioHeHHH, 

coxpaHflB  HpH  3XOM  yKasaHHbie  Bbime 
Pac.3  ia^ucumcm.  XCMHepaxypHbie  npeHMyiHCCXBa. 

om  npuPegemwii  dtuMi/  KoMepb/  IlpH  Heo6xOH,HMOCXH,  B  SaBHCHMOCXH  OX 


pecypca  h  ycjiOBHH  npHMeneHHa,  oxjxejibHbie  xapaKxepHCXHKH  HBHxaxejieH, 
npencxaBJieHHbie  B  xaGjiHHe  1 ,  Moryx  6bixb  yuynmcHbi. 

3x0  MOXCHO  HpocjieaHXb  HB  npHMcpe 
Z  C.  HBHxaxejiH  ^CT-50,  abb  Koxoporo  Ha 

/?/7/7l  ,  _ _  pHc.  3  npeAcxaBneHa  saBHCHMOCxb 

_  pacxoAHoro  KOMHJieKca  (p)  ox 

___  BeJIHHHHbl  npUBeAeHHOH  AJIHHbl 
KaMepbi  cropaHHB  (Lnp),  nojiyHeHHaa 
npH  HCHbixaHHH  OAHoro  H  xoro  xce 

- ABHxaxejifl  c  KaMepaMH  pasJiHHHOH 

-  npHBeAeHHOH  a-hkhm,  c  ucAbio 

_  HCCJieAOBaHHH  B03M0XH0CXH 

_  ynynmeHHB  ero  skohomhhhocxh. 

BhAHO,  HXO  HpH  yBeJlHHCHHH  Lnp  C  0.6 
M  AO  0.9m  KOMHJiexc  P  yBCJiHHHBaexca 
Ha  4  c  H  cocxaBJiaex  166c,  mxo 
— — .  reoMexpHHCCKOH  cxchchh 

— - —  pacuiHpeHHa  conjia  100 

_ cooxBexcxByex  yAeitbHOMy  HMnyJibcy 

3005  Hc/kf.  npH  3XOM  xeMnepaxypa 
'  cxeHKH  KaMepbi  cropanna 

,5===*^  yBejiHHHJiacb  scero  JiHuib  na  140  C  h 

He  HpeBbimaex  1240  C,  hxo 

_ 3HaHHXeJIbHO  HHXfe  AOnyCXHMOH 

xeMnepaxypbi.  PacnpeAejienHe 


Puc.  Z/  PacnpedeMHue  meHnepamyp 
no  napyyitnau  noSepxHOcmu  j<ciMepb/ 
czanaHup  npu  npado/rz/oumeMi^oc/ni/ 
SpAtcizetZup  SOc 


xeMnepaxypbi  na  napyacHOH 
noBepxHOCXH  KaMepbi  cropaHHa  npn 
npoAOJiacHxeAbHOCxH  BxniOHeHHa  50 

cexyHA  npeACxaBJieno  na  pHC.-^.  IIpH 


3XOM  MBKCHMajibHaa  xeMnepaxypa  Bbiuuia  na  ycxanoBHBUiHHca  peacHM.  Tbkhm 
o6pa30M,  AJia  He6ojibHioro  pecypca,  nanpHMep,  He  6ojiee  5000c  cyMMapnoro 
BpeMeHH  paSoxbi,  Moacex  6bixb  npHMeneH  ABHraxejib  c  xhkhmh 
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xapaKxepHCTHKaMH.AHajiorHHHbie  bosmojkhocth  ecTb  h  a-m  ApyrHX 
ABHraxejieH,  npHBefleHHbix  b  xaGnMpe  1. 

Bo  Bcex  3XHX  ABHxaxejiax  ncnojibsyioxca  yHH(|)HiJ(HpoBaHHbie  ajieKxpoKJianaHbi, 
BbinojiHeHHbie  no  OAnnaKOBOH  KoncxpyKXHBHOH  cxeMe. 

TaKHM  o6pa30M,  HcnoAbsoBaHne  b  KoncxpyKpHH  xpexbero  noKoneHHfl 
ABHxaxejieH  OAHOxnnHbix  ochobhbix  KOHCxpyKXHBHbix  aneMenxoB 
((|)opcyHoqHOH  xoaobkh,  KaMepbi  cropanna,  ajieKxpoKJianaHoa),  BbmojineHHbix 
no  OAHHaKOBfalM  KOHCXpyKTHBHblM  CXCMaM  H  HSrOXaBJIHBaeMbIX  no  OAHOH  H  XOH 
>Ke  xexHOJiOFHH  no3BOA5iex: 

1)  pe3KO  coKpaxHXb  o6beM  n  apcMB  oxpa6oxKH,  c  noAXBepxcACHHeM  xpeSyeMbix 
noxasaxenen  HaAOKHOCxn; 

2)  coKpaxHXfa  3axpaxbi  na  noAroxoBxy  npOH3BOACXBa  noBoro  ABHraxena; 

3)  HcnoAbsoBaxb  coaAannoe  panee  o6opyAOBaHHe,  npn  sxom  oxpa6oxaHHOCXb 
xexHOAOFHH  H3FOxoBAeHHa  noAXBepxAacxca  peayAbxaxaMH  ncnbixannH  h 
3KcnAyaxanHH  panee  coBAannbix  ABAFaxenen; 

4)  yBeAHMHXb  aaxpyxxy  cnepHaAbHOFO  oGopyAOBanna  H3-3a  yBejinnenHa  oGbeina 
nsFOxoBAenna,  nxo  yMenbuiaex  sepoaxHocxb  nepepbiBOB  b  H3FOXOBAeHHH  h 
noBbimaex  naAexcuocxb  ABHxaxeAeH. 

OAHOKOMriOHeHTHbte  FHApa3HH0Bbie  ABHraTCAH 

OAHOKOMnonenxHbie  FHApaannoBbie  ASHFaxenn  b  KBXnMMam  cosAanbi  AByx 
bhaob: 

1)  ABHxaxeAH  xepMOxaxajiHxnnecKOFO  paanoKenna  xHAPaxHHa  xaxoH  5H  n  25H; 

2)  ABHraxenn  xaxajiHxnnecKOFO  pa3jio>KeHHa  FHApasHna  xaron  lOH  h  50H. 
XapaxxepHCXHKH  axnx  ABnraxejien  npeAcxaBJienbi  b  xaGjinne  3. 

XapaxxepncxHKH  OAHOKOMnoHenxHbix  FHApasuHOBbix  ABHxaxeAeH 

TaSAHua  3 


riapaMexpbi 

2IOT-5 

2IOT-25 

BiMmm 

HoMHuaAbnaa  xaxa,  H 

5 

25 

10 

50 

KoMnoHenx 

FHApa3HH 

FHApa3HH 

FHApa3HH 

FHApa3HH 

YAeAbHbiH  HMnyAbc,  Hc/kf 

2255 

2300 

2250 

2250 

reoMexpnnecKaa  cxenenb 

60 

55 

46 

42 

pacninpenna  conna 
^aBAenne  KOMnonenxoB  na 

1.2 

1.5 

1.5 

1.5 

BxoAe,  Mila 

^asAenne  b  xaiwepe  cropanna, 
Mna 

npOAOAXCHXeAbHOCXb 

0.38 

0.45 

1.0 

0.8 

BKAionenna,  c 

0.05 

0.05 

0.05 

0.05 

MHHHMaAbnaa 

8000 

6000 

600 

600 

MaxcHMaAbnaa 

CyMMapnoe  Bpema  paSoxbi,  c 

120000 

25000 

1500 

1500 

KOAHAeCXBO  BKAIOHeHHH 

55000 

6000 

4000 

4000 

3Hepronoxpe6AeHHe 
HarpesaxeAa,  Bx 

80 

70 

40 

20 

3Hepronoxpe6AeHHe 
SAeKxpoKAananoB,  Bx 

15.8 

7.9 

7.9 

16.2 

Macca,  kf 

0.9 

1.3 

0.6 

1.1 
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XapaKTepHbiM  npeflCTasHTeneM  nepBoro  BH/ia  aBHraxeneH  ABiiHeTCH  ABHraxenb 
;],OT-25  THroH  25H,  npeAHa3Hatj[eHHbiH  a-hh  aKcnJiyaxapHH  b  cocxaBe  xbkhx 
cnyxHHKOB  KaK  «KynoH»,  «CneKxp)>  h  BipyrHX.  Oh  cocxohx  h3  peaxxopa  c 
coHJiOM,  rojiOBKH  HOflBO^ia  xHApasHHa,  ajieKXpOHarpeBaxejTH  MomHocxbio  70  Bx, 
yHn4)HiJ(HpoBaHHoro  sjieKxpoKJianaHa  C5.629,  (|)jiaHi^a  KpeiuieHna  ero  k  o6beKxy 
H  sjieKXpOHarpeBaxejia  MOiUHOCxbio  2.5Bx  noaaep^KaHHa  npHeMneMoro 
xenjioBoro  cocxoHHHa  xohobkh  h  ajieKxpoKJianaHa  npH  ^iJiHxeJibHOM 
«MOJiHaHHH»  /iBnraxena.  B  KaaecxBe  xaxaaHaaxopa  b  flBuraxejie  Hcnojibiyioxca 
cnpeccoBaHHbie  6pHKexbi,  HsroxoBneHHbie  h3  MOJiH6fleH-peHHeBOH  h  BOJib4)paM- 
peHHeBOH  npoBOJioK.  aanycKa  jiBHraxejia  neoGxoHHMO  BHanaiie  npoBecxH 
paaorpCB  ero  peaxxopa  BXJHoneHHeM  ajiexxponarpeBaxena  b  xenenne  30  MHHyx, 
o6ecneHHB  xeMnepaxypy  peaxxopa  He  Menee  350  C.  ^BHraxeJiH  flOT-5  h  ^OT- 
25  o6ecneHHBaiox  cxaGnjibHoe  SHaneHHe  BejiHHHHW  xarH  b  xeneniie  Bcero 
pecypca  paSoxbi. 

/^BHraxejiH  xaxajinxHaecxoro  pasjioaceHHa  rH^pasHna  /^OK-IO  xaroH  lOH  h 
JXOK-50  xaroH  50H  BnepBwe  ycneuiHO  axcnayaxHpOBajiHCb  na  MOxnjianexHbix 
aBXOMaxHHecxHX  cxani^nax  «cI)o6oc-l»  h  «Oo6oc-2».  Ilocae  nepexo^a  na 
op6Hxy  Mapca  h  oxcxpejia  xoppexxnpyiomero  flBHraxena  xaroit  2  xohhw,  3xh 
^^BHraxejiH  cxanii  ochobhbimh  h  e/^HHCXBeHHbiMH,  o6ecneHHBaK)inHMH  MancBp 
aBXOMaxHHecxoH  cxaHUHH  /uia  nepexo^a  c  op6HXbi  na  op6Hxy  Boxpyr  OoSoca, 
a  xax>xe  xoppexuHio  ee  opSHXbi  BOxpyr  Oo6oca.  ^BHraxenn  cocxoax  .h3 
peaxxopa  c  cohjiom,  tohobxh  noABo;[];a  rH^pasHHa,  ajiexxpoHarpesaxejia 
peaxxopa,  yHH{|)HHHpOBaHHoro  saexxpoxnanaHa,  4)HaHua  xpenrteHHa  ^BHraxeiia 
X  o6bexxy.  Jljia  xoHxpojia  (|)yHXHHOHHpoBaHHa  na  peaxxope  ycxaHOBJien 
xepMOMexp  conpoxHBJieHHa.  B  peaxxopax  flBHxaxeaa  Hcnonbayexca 
xaxajiHsaxop  na  ochobc  HpHflua.  ^I^BHraxejiH  Moryx  aanycxaxbca  iipH 
xcMnepaxype  hx  xoHCxpyxHHH  +5  C.  OflHaxo  ;iJia  yayHUieHHa  hx  xapaxxepHCXHX 
H  noBbimcHHa  hx  cxa6HJibHOCXH,  a  xaxace  aaa  yBejiHHeHHa  pecypca  na  peaxxope 
CMOHXHpoBaH  sjiexxpoHarpeBaxejib,  xoxopbiH  nepen;  sanycxoM  oSecneHHBaex 
ero  xeMnepaxypy  He  Menee  100  C.  B  aasHCHMOCXH  ox  ycjioBUH  HcnonbaosaHHa 
B03MOKHO  paccMOxpeHHe  Bonpoca  o6  yjiynmeHHH  xapaxxepHCXHx 
XHflpasHHOBbix  ABHraxeneH. 
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New  generation  of  monopropellant  and  bipropellant 
STLRE  for  small  satellites 


Yuri  I  Ageenko 
CMDB  named  after  A. M. Isaev 
141070,  Moscow  reg.,  Korolev,  Lesoparkovy  tupic,  2. 
Tel.  516-80-26  Fax  516-80-01 


This  report  describes  results  of  development  of  some  small  thrust  liquid  rocket 
engines  (STLRE),  recently  conducted  by  Chemical  Machinery  Design  Bureau 
(CMDB)  named  after  A.  M.  Isaev.  These  engines  are  designed  to  operate  with 
the  nitrogen  tetroxide  (NTO)/  unsymmetrical  dimethylhydrazine  (UDMH) 
combination  and  hydrazine  as  a  monopropellant.  The  monopropellant  engines 
with  thermocatalytic  hydrazine  decomposition  develop  5  N  and  25  N  thrust,  the 
monopropellant  engines  with  catalytic  hydrazine  decomposition  develop  10  N 
and  50  N  thrust,  and  bipropellant  engines  -  25  N,  50  N,  100  N,  200  N  thrust. 

The  report  includes  main  engines  parameters  and  description  of  design  features. 
Main  parameters  of  engines  as  function  of  operation  conditions  such  as 
propellant  inlet  pressure,  inlet  temperature  and  the  others  are  presented  in  the 
graphs  manner. 


Jet  engines  are  one  of  the  most  important  functional  components  of  spacecraft, 
and  it’s  practically  impossible  to  provide  operation  and  long-term  usage  space 
vehicle  without  such  engines.  Jet  engines  create  thrust  impulses  for  correction  of 
orbits,  orientation  and  orbit  stabilisation  of  spacecraft,  as  well  as,  if  necessary, 
provide  different  program  turns  and  other  displacement. 

Nowadays  as  jet  engines  of  space  crafts  are  mostly  used  small  thrust  liquid 
rocket  engines  (STLRE).  Chemical  Machinery  Design  Bureau  (CMDB)  named 
after  A.  M.  Isaev  starts  to  design  and  develop  STLRE  since  1971.  During  this 
period  our  enterprise  has  developed  more  than  25  STLRE  with  trust  from  5N  to 
600N,  and  14  of  these  thrusters  were  successfully  used  in  space  crafts  of  different 
type.  There  are  5N,..600N  bipropellant  thrusters,  that  use  the  nitrogen  tetroxide 
(NTO)/  unsymmetrical  dimethylhydrazine  (UDMH)  combination,  5N...25N 
monopropellant  thrusters  of  thermocatalytic  hydrazine  decomposition  and 
10N...50N  monopropellant  thrusters  of  catalytic  hydrazine  decomposition. 

Bipropellant  thrusters 

The  first  generation  of  bipropellant  thrusters  of  6N  and  25N  was  developed  by 
CMDB  in  middle  of  70-th.  )]|CT-25A  thruster  is  a  typical  representative  of  this 
generation,  this  thruster  was  successfully  used  in  the  orbital  space  craft  «Soyuz- 
TM»  for  a  long  time. 

One  of  remarkable  design  feature  of  this  thruster  was  combustion  chamber  of 
refractory  material  -  boron-siliconizing  graphite,  that  was  used  in  Russia  for  the 
first  time.  Recently  this  thruster  was  changed  in  the  space  craft  «Soyuz-TM»  for 
the  modern  /(CT-25  thruster,  the  representative  of  the  third  generation  of  the 
developed  CMDB  thrusters.  For  the  first  time  in  Russia  in  this  engine  was  used 
combustion  chamber  of  refractory  niobium  alloy  with  MoSi2  heat  resistance 
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coating.  CMDB  started  development  of  refractory  niobium  combustion 
chamber  with  heat  resistance  coating  MoSij  in  1978.  Since  this  date  our 
enterprise  had  developed  technology  of  coating  and  full  set  of  a  necessary 
equipment  for  manufacturing  of  such  combustion  chambers.  On  base  of 
niobium  alloy  combustion  chambers,  CMDB  developed  a  series  of  bipropellant 
thrusters  of  second  and  third  generation. 

The  second  generation  thrusters,  such  as  /^CT-25B,  ,HCT-100,  ,Zl|CT-200,  ACT- 
400  with  25N...400N  range  thrust,  provide  a  specific  impulse  2650.. .2800  m/s 
and  total  burn  time  up  to  10000s  (see  table  1).  Beside  that  CMDB  has  developed 
some  electromagnetic  valves  for  STLRE  of  different  thrust.  Parameters  of  these 
valves  are  presented  in  the  table  2. 

ACT-25B  thruster  is  a  typical  representative  of  the  second  generation  This 
thruster  includes  unified  electrovalve  C5.629,  as  well  as  combustion  chamber  of 
niobium  alloy  with  MoSi2  heat  resistance  coating.  Propellants  mixing  scheme  of 
combustion  chamber  injection  head  is  jet  -  centrifugal  type,  this  scheme  ensures 
efficient  film  mixing  of  propellants. 

After  most  thoroughly  study  of  such  mixing  scheme  and  its  development, 
CMDB  created  thrusters  of  the  third  generation  -  ACT-25,  ACT-50,  ACT-IOOA 
and  ACT-200A.  These  thrusters  ensure  high  specific  impulse  2790. ..2980  Ns/kgs 
and  50000  s  total  burn  time  under  450000  of  burns  (see  table  1).  All  these 
thrusters  include  combustion  chamber  of  niobium  alloy  with  MoSi2  heat 


resistance  coating. 

ACT-25  thruster  is  successfully  used  in  the  orbital  space  craft  «Soyuz-TM»,  and 
ACT-IOOA  thruster  is  intended  for  installation  in  International  Space  Stations 
(ISS)  «Alpha».  All  these  thrusters  have  the  injection  head  of  the  same  type  with 
the  same  jet-centrifugal  scheme  of  propellants  mixing,  which  provides  an 
efficient  film  mixing  and  reliable  protection  of  combustion  chamber  walls  from 
overheating.  The  greater  part  of  propellants  participates  in  cooling  of 


combustion  chamber  internal  wall  and 
combustion  chamber,  providing  heavy 


ensures  an  acceptable  heat  condition  of 
reserve  of  the  temiperature. 

Maximum  temperature  of  external  wall 
of  the  combustion  chamber  at  the 
thruster  operation  does  not  exceed  1 200 
with  admissible  temperature  1800 
(see  fig.l). 

Fig.  1. Temperature  distribution  of  the 
combustion  chamber  outer  surface 

•  -  ACT-25  (25N  thrust),  *-  ACT-50  (50N 
thrust),*-  ACT-IOOA  (lOON  thrust), «-  ACT- 
200A(200N  thrust ) 

1 -valve,  2  -  injection  head, 3  -  flange,  4- 
combustion  chamber,  5  -  nozzle  throat 

Such  mixing  scheme  ensures  low 
temperature  the  injection  head,  flange 
of  the  thruster  installation  into  the 
space  craft  and  the  electrovalves  at  any 
mode  of  the  thruster  operation  (see  fig. 
1).  Due  to  this  thruster  feature, 
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Parameters  of  bipropellant  thrusters 


■K* 

o 
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Main  valves  parameters 


Table  2 


Parameter 

C5.629 

C5.618M 

C5.622 

C5.630 

Note 

Dimensions, 

026*46 

033*69 

033*69 

043*90 

mm 

Mass,  kg 

0.12 

0.24 

0.24 

0.46 

Current,  A 

0.3 

0.6 

0.6 

1.4 

U=27V,  t=20  oc 

Start-on 

10 

13 

16 

25 

U=27V,  t=20  oc 

response 
time,  ms 

P=  1.5  MPa 

Shut-down 

15 

12 

12 

28 

U-27V,  t-20  oC 

response 

P=  1.5  MPa  diode- 

time,  ms 

stabilitron  circuit 

Leakage, 

cc/min 

0.025 

0.025 

0.025 

0.025 

Air  P=  1  and  3  MPa 

Switch 

300000 

500000 

500000 

500000 

air 

number 

300000 

500000 

500000 

500000 

propellant 

Pressure 
drop,  MPa 

0.24 

0.06 

0.025 

0.002 

water  flowrate  20g/s 

there  is  no  need  during  thruster  operation  in  system  for  heat  transmitting  from 
the  thruster  to  the  space  craft  configuration.  Thus  propulsion  system  mass  and 
current  consumption  of  the  space  craft  can  be  reduced  without  lowering  their 
reliability.  It  is  very  actual,  in  the  case  of  small  space  craft  in  particular.  This 
advantage  can  be  demonstrated  on  the  example  of  ,HCT-25  thruster,  that  is 
installed  in  the  space  craft  «Soyuz-TM»  by  means  of  heat  resistance  separator 
between  the  space  craft  configuration  and  fixing  bracket.  It  is  not  necessary  to 
join  any  units  of  temperature  control  system  (TCS)  to  this  thruster.  For  ensuring 
an  acceptable  heat  conditions  of  thruster  operation  (propellants  non-freezing  in 
the  injection  head  and  electrovalves),  2.5W  electric  heater  is  installed  on  the 
thruster  injection  head.  For  the  simplification  of  control  system  of  the  space 
craft  «Soyuz-TM»  electric  heater  is  never  switched-off  during  thruster  operation. 


<60 


<50\ 


HO 


Fig. 2.  Flowrate  complex  (5  as  a 
function  of  propellants  inlet  pressure 

•  -  /],CT-25  (25N  thrust),  )^CT-50  (SON 
thrust),'*-  ,^CT-100A  (lOON  thrust), Q-  ^CT- 
200A(200N  thrust ) 

Propellant  mixing  scheme  of  the 
described  above  engines  provides  high 
specific  impulse  and  small  its  changing  under  significant  changing  of  propellants 
inlet  pressure  (see  fig.  2). It  have  to  be  noted  that  ^[(CT-IOOA  thruster  of  ISS 
«Alpha»  ensures  the  most  high  specific  impulse  under  nominal  conditions  of 
operation  -  2980  Ns/kgf.  At  the  same  time  this  thruster  ensures  large  resource  of 
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50()00s  total  burn  time  and  450  000  burns  and  preserves  all  the  specified  above 
low  temperature  advantages. 

If  it  is  necessary,  some  thruster  parameters,  presented  in  the  table  1,  can  be 
improved  depending  on  the  resource  and  conditions  of  operating. 

This  can  be  demonstrated  on  the  ^CT-50  thruster  example.  There  are  shown  on 
fig.  3  the  flowrate  complex  p  as  a  function  of  reduced  length  of  the  thruster 
combustion  chamber  (Lnp). 

Fig.3.  Flowrate  complex  P  as  a  function  of 
reduced  length  Lnp  of  the  combustion  chamber 

This  function  was  defined  at  testing  of  one  and 
same  engine  with  combustion  chambers  of 
different  reduced  lengths.  The  tests  aim  was 
studies  of  ways  and  means  for  improving  the 
combustion  chamber  efficiency.  It  may  be 
noted  that  at  Lnp  increasing  from  0.6  m  to 
0,9m  the  flow  complex  P  increases  on  4  s  and  reaches  166s  that  at  nozzle  area 
ratio  100  means  specific  impulse  3005  Ns/kgf.  At  the  same  time  the  maximum 
increasing  of  the  combustion  chamber  wall  temperature  is  only  140  ‘’C,  this 
temperature  does  not  exceed  1240  that  is  far  below  the  admissible 
temperature.  Temperature  distribution  of  the  combustion  chamber  outer  surface 
is  shown  on  fig. 4. 

Fig.4.Temperature  distribution  of  the 
combustion  chamber  outer  surface  at  50s  burn 


This  distribution  was  defined  as  a  result  of  50  s 
thruster  burn  at  steady-state  temperature 
mode.  So  the  thruster  with  such  parameters  can 
be  used  for  the  small  resource,  for  example,  not 
more  than  5000  s  total  operating  time.  Similar 
possibilities  exist  and  for  other  described  in  the 
table  1  thrusters. 

Unified  electrovalves  of  identical  design  scheme 
are  used  in  all  these  thrusters. 

Usage  in  the  third  generation  thrusters  designs 
unified  elements  (injection  head,  combustion 
chamber,  electrovalves)  of  identical  design 
scheme  and  same  technological  processes 

allows: 

1)  to  diminish  considerably  the  number  of  tested  thrusters,  to  shorten  period  of 
development,  preserving  at  the  same  time  the  required  level  of  reliability; 

2)  to  reduce  preparation  cost  of  a  new  thruster  manufacturing; 

3)  to  use  special  unique  already  developed  technological  processes,  in  this  case 
quality  of  manufacturing  technological  processes  are  proved  by  results  of  tests 
and  usage  of  earlier  manufacturing  thrusters; 

4)  to  increase  operating  factor  of  a  special  equipment  due  to  increasing  number 
of  manufactured  thrusters.  That  reduces  probability  of  breaks  in  manufacturing 
process  and  raises  thrusters  reliability. 
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MonopropeUamt  hydrazine  thrusters 


CMDB  had  developed  hydrazine  monopropellant  thrusters  of  two  types: 

1)  5N  and  SON  thrusters  with  thermocatalytic  hydrazine  decomposition; 

2)  ION  and  25N  thrusters  with  catalytic  hydrazine  decomposition. 

Parameters  of  these  thrusters  are  shown  in  the  table  3. 

Parameters  of  monopropellant  hydrazine  thrusters 

Table  3 


Parameter 

.HOT-5 

;iOT-25 

ZIOK-10 

JfOK-50 

Nominal  thrust,  N 

5 

25 

10 

50 

Propellant 

hydrazine 

hydrazine 

hydrazine 

hydrazine 

Specific  impulse,  Ns/kg 

2255 

2300 

2250 

2250 

Nozzle  area  ratio 

60 

55 

46 

42 

Propellant  inlet  pressure,  MPa 

1.2 

1.5 

1.5 

1.5 

Combustion  chamber  pressure. 

0.38 

0.45 

1.0 

0.8 

MPa 

Single  burn  duration,  s 
minimum 

0.05 

0.05 

0.05 

0.05 

maximum 

8000 

6000 

600 

600 

Total  operation  time,  s 

120000 

25000 

1500 

1500 

Number  of  burns 

55000 

6000 

4000 

4000 

Electroheater  current 

consumption,  W 

80 

70 

40 

20 

Valves  current  consumption,  W 

15.8 

7.9 

7.9 

16.2 

Mass,  kg 

0.9 

1.3 

0.6 

I.l 

The  typical  representative  of  the  first  type  thruster  is  ^OT-25  thruster  (of  25N 
thrust),  that  was  used  in  the  space  crafts  «Coupon»,  «Spectr»  and  some  others. 
It  consists  of  the  reactor  with  the  nozzle,  hydrazine  injection  head,  70W 
electroheater,  unified  electrovalve  C5.629,  flange  for  installation  in  the  space 
craft  and  2.5W  electroheater  for  the  maintenance  of  acceptable  temperature 
condition  of  the  injection  head  and  electrovalve  during  the  period  of  a  long 
thruster  «silence». 

Pressed  briquettes  of  molybdenum-  rhenium  and  tungsten-  rhenium  wires  are 
used  as  a  catalyst  in  this  thruster.  It  is  necessary  for  the  thruster  starting  to  heat 
reactor  by  energising  electroheater  for  30  minutes  to  provide  the  reactor 
temperature  not  less  than  350  «C.  J\OT-5  and  flOT-25  thrusters  ensure  a  stable 
thrust  value  through  all  period  of  operation. 

Thrusters  of  hydrazine  catalytic  decomposition  ,r(OK-10  (ION  thrust)  and  J],OK- 
50  (50N  thrust)  were  successfully  used  for  the  first  time  in  interplanetary 
automatic  stations  «Phobos-l»  and  «Phobos-2».  After  launching  in  the  Mars 
orbit  and  separation  of  2  tons  correcting  engine,  these  thrusters  became  main 
and  single,  ensuring  manoeuvre  of  automatic  stations  for  transfer  from  initial 
orbit  to  the  Phobos  orbit,  as  well  as  correcting  its  Phobos  orbit. 

The  thrusters  consist  of  the  reactor  with  the  nozzle,  hydrazine  injection  head, 
reactor  electroheater,  unified  electrovalve,  flange  for  installation  in  the  space 
craft.  For  operation  control  a  resistance  thermometer  was  installed  on  the 
reactor.  Catalyst  on  the  iridium  base  is  used  in  the  thruster  reactor.  The 
thrusters  can  operate  at  the  design  temperature  +5  •’C.  However  electroheater 
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was  used  for  improving  their  parameters  and  raising  stability  of  their  operation, 
as  well  as  for  resource  increasing.  The  electroheater  was  installed  on  the  reactor 
and  provided  the  reactor  temperature  not  less  than  100  ^C.  It  is  possible  to 
discuss  improving  of  thruster’s  parameters  depending  on  operation  conditions. 
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CoBpeMeHHMH  Te;mEraecKMH  ypoBCHb  h  HanpaBJieHHa  pasBHTHH 
paiceTHWx  ^nBHraxejieH  MajioH  rara 

vKhpob  O.n.,  KasaHKHH  O.A.,  JlapHH  E.F.,  JleSefleB  H.H.,  MypKHH  B.A. 

624610  r.H-Cajizia  CBepzuioBCKOH  o6ji. 

(i)aKc  34345-3-17-03 

ynpaBJieHiM  noj][oxeHneM  cTa6HJTH3au;HH  h  opHeHxaixHH  KA  ac- 
nojib3yioTC5[  P^MT  Ha  ToruiHBe  AT+HflMF,  HBJiaiomHecH  HcnojiHHxejib- 
HbiMH  opraHaMH  ynpaBJieHHB  ABHXceHHeM  KA. 

PaKCTHbie  flBHraTejiH  Majioii  xara  paapaSoxKH  HMHMaui  sKcnjiyaxH- 
pyioxcB  B  cocxaBC  pa3JiHHHbix  KA  c  Hanajia  70-x  fo^ob;  b  nocjiejiHHe  ro^ibi 
OHH  HcnojibayioTCH  na  6opxy  ^i^ojiroBpeMeHHOH  opOHxajibHOH  cxaHiiHH. 

B  cocxaB  P^TM  Bxoflflx  ajieicrpoMarHMXHbie  laranaHbi  co6cxBeHHOH 
paspaSoXKH,  BO  mhofom  onpQjXQjiK^  flHHaMHHecKHe  xapaKxepHCTHKH  ^iBHra- 
Tejicii  H  Hx  sHeprexHHecKHe  xapaKxepHCXHKH  b  HMiiyj[bCHbix  pexcHMax  pa6o- 
Tbl. 

HcnbixaHHH  ziBHraxeiia  xaroii  400H  Ha  xoiuiHBe  AT+MMF,  npoBeaeH- 
Hbie  coBMecTHo  c  ^HpMofi  “Aapoaxcex”,  CUIA,  noKasajiH  pocx  yaejibHoro 
HMnyjifaca  xara  b  nenpepbiBHOM  pexoiMe  paSoxw  c  250  flo  291  c  npH  coxpa- 
HeHHH  ^HHaMHHecKHX  xapaKxepHcxHK  flBHraxejm. 

CoBpeMCHHbie  HanpaBJieHHB  pasBHXHH  P/I,MT: 

•  MOflepHH3aii,iia  PXI,MT  nyxeM  npHMeHeHHH  xcapocxoHKHX  Maxepna- 
JIOB  B  KOHCXpyKHHH  KaMepbl  CrOpaHHB  H  yXCeCXOHCHHH  XHflpaBJIHHe- 
CKHX  xapaicxepHCXHK  cMecHxejibHoii  rojioBKH; 

•  co3;^aHHe  P^MT  na  3Ko:iiorHHecKH  hhcxmx  KOMnoneHxax  xonjiHBa; 

•  co3;i:aHHe  HOBOH  ajieMeHXHOH  6a3bi  h  MKA  na  ocHOBe  P/1,MT 
HOBoro  noKOjieniM. 

•  B  HacxoaDxee  BpeMH  b  BA  (“Cok>3-TM”,  4)yHKHHOHajibHbiH  rpyao- 
BOH  6jiok  MKC  h  flp.)  paciuHpaexca  HcnojibsoBaHHe  ABHraxejieil 
Majioii  THTU  c  Hcriojib30BaHHeM  xcapocxoHKHX  MaxepHajioB  h  yxce- 
cxoneHHe  pa6oHero  nponecca. 


O.yKHpOB 


up-to-date  State  of  the  Art  and  Trends  of  Lx>w  Thrust 
Rocket  Engines  Development 

S.P.  Zliirov,  Ph.A.  Kazankin,  E.G.  Larin,  I.N.  Lebedev, 

V.A.  Murkin,  LA.  Potabachni 
R&DIME,  Nizhnyaya  Saida,  Russia 

The  low  thrust  rocket  engines  LTRE  on  NTO+UDMN,  being  the  ac¬ 
tuators  of  propulsion  systems,  are  used  to  control  attitude,  stabilization  and 
stationkeeping  of  space  vehicle  (SV).  The  first  generation  LTRE,  developed 
by  R&DIME,  are  used  in  the  structure  of  various  SV  from  the  early  1970  s 
including  all  the  manned  SV  starting  from  the  long-life  orbital  station 
“Salyut”. 

The  structure  of  LTRE  includes  the  solenoid  valves  of  R&DIME  in- 
house  development,  and  these  valves  determine  in  many  respects  the  dynamic 
characteristics  of  thrusters  and  their  characteristics  in  pulse  modes  of  opera¬ 
tion. 

The  tests  of  400  N  thruster  on  NTO+MMH,  carried  out  jointly  with 
the  company  “Aerojet”,  USA,  showed  the  growth  of  thrust  specific  impulse 
in  the  continuous  mode  of  operation  up  to  17%  (from  250  s  to  291  s)  with 
keeping  the  dynamic  characteristics. 

The  up-to-date  trends  of  LTRE  development  are: 

•  the  modernization  of  LTRE  by  way  of  application  of  heat-resistant 
materials  in  the  constmction  of  combustion  chamber  and  the  in¬ 
crease  of  requirements  for  hydraulic  characteristics  of  injector; 

•  the  creation  of  LTRE  on  the  ecologically  friendly  propellants:  oxy¬ 
gen-kerosene,  oxygen-alcohol,  oxygen-methane,  oxygen-hydrogen; 

•  the  creation  of  new  element  base  and  PS  for  SSV  on  the  basis  of 
new  generation  LTRE. 

The  use  of  second  generation  thrusters  with  application  of  heat-resistant 
materials  and  increase  of  requirements  for  operating  process  in  currently  wid¬ 
ening  in  SV  (“Soyuz-TM”,  “Progress”,  service  module  and  functional  cargo 
unit  of  International  Space  Station). 

Based  on  the  second  generation  LTRE  the  works  are  being  carried  out 
for  making  the  SSV  correction  PS  of  global  space  communication  system,  the 
correction  PS  of  communication  satellite,  and  based  on  the  ecologically 
friendly  propellant  LTRE  the  works  on  making  the  boost  unit  PS  are  being 
done. 
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/l,BnraTeji]bHbie  ycxanoBKH  Majitix  KocMEraecKHX  annapaxoB 
Ha  ocHOBe  P/1,MT  HOBoro  noKoireHHa 

ByjiflameB  CA.,  SaBropoOTHH  F.K.,  KaaaHKHH  ^A.,  Kyjia6HH  K.II. 
624610  r.H-Cajifla  CBepanoBCKoii  o6ji. 

^aKc  34345-3-17-03 

CymecTsyioT  cjie^iyiomHe  ocHOBHbie  npoOjieMW  cos^aHUH  HOBoro 
noKOjreHna  iiepcneKTHBHWX  Majibix  KOCMHMecKKX  annapaxoB  (MKA) 

Hay^iHoro  h  Hapo;tHoxo3HHcxBeHHoro  HasHaneHiM: 

•  noBbimeHiie  sHeproMaccoBoro  coBepineHCXBa  ^y; 

•  oOecneMeHHe  bosmoxchocth  10...20-;iexHero  cpoKa  aKXHBHoro  cyme- 
CXBOBaHH«; 

•  noBwmeHHe  xohhocxh  opOHxajibHwx  ManeBpoB,  KoppeKii,HH  napa- 
MexpoB  opOHXbi,  opHeHxaiXHH  H  cxaSnjiHsaitHH  KA; 

•  cHHXceHHe  BpeflHoro  Boa^eiicxBHa  4)aKejia  aBHraxejia  Ha  ajicMeHXLi 

KA. 

Hx  peineHHe  coBMecxHo  c  KaqecxBeHHWM  yjiyHLueHHeM  xapaKxepHcxHK 
/I,y  B03M05KH0  XOJIbKO  Ha  OCHOBC  HOBOH  SJieMeHXHOH  6a3bl,  B  HaCXHOCXH 
PJ[I,MT  HOBoro  noKOjieHna. 

HHHMam  npefljiaraex  cjie/iyiomHe  nyxH  pemeHna  npoOjieM: 

•  HpoeKXHpoBaHHe  Ha  ocHOBe  HcnojibsoBaHiM  npMHiiiHnoB  HHxerpa- 
HHH  (J)yHKU:HH  CHCXCM,  aXpCraXOB  H  OX^ejIbHblX  SJieMeHXOB  KOH- 
cxpyxHHH; 

•  HaimyB  xonjiHBHbrx  OaxoB  h  noflana  xoruiHBa  b  ^tBHxaxejiH  reHcpa- 
XOpHMM  ra30M  H3  OCHOBHbIX  KOMHOHeHXOB  XOHJIHBa; 

•  nocpeflcxBOM  6e3poxopHoro  ;i;H4><J)epeHiJ,HajibHoro  Hacoca-cxaSn- 
jiH3axopa  nofla^a  KOMnoneHXOB  xoiuimbe  b  raBorenepaxop; 

•  co3;];aHHe  h  Hcnoji:b30BaHHe  Hexpa^Hi^HOHHWX  xcapocxoHKHX  h  bm- 
coKonpoHHbix  MaxepHajioB  h  coBpeMeHHWx  nepeztoBbix  xexHOjioran. 

B  HHHMam  pa3pa6oxaHbi,  HaroxoBjieHW  h  HcnbixaHW  3KcnepHMeH- 
xajibHbie  oOpaaubi  arperaxoB,  cocxaBjiHiomHX  ocHOBy  hoboh  ajieMeHXHOH 
6a3bi  /I,y,  HanpHMep,  PAMT  xarofi  8H,  400H,  MHHHaxiopHWH  Obicxpofleft- 
cxByiomHH  3jieKxpoKJianax[,  xoiuiHBHbm  6aK  c  flHa^jparMCHHbiM  MexajiJiHrae- 
CKHM  pa3;ieaHxe;ieM  h  chjioboh  o6o.iiohkoh  H3  KOMno3HU,HOHHoro  Maxepwa- 
;ia,  6e3poxopHbiH  Hacoc-cTa6HJiH3axop.  McnwxaHHHMH  o6pa3Ha  MoayjibHOH 
Hy  MKA,  cnpoeKXHpoBaHHoro  na  ocHose  BbimeyKaaaHHbix  npHHHHnoB, 
3KcnepHMeHxajibHO  no^^xBepxq^eHa  B03MoxcHocxb  co3;i:aHHH  flY  MKA  c 
ypoBHeM  xapaKxepHcxHK  6jih3Khm  k  ^pe;^eJIbHOMy,  jvi5i  ycxanoBOK  na  xh- 
MHrqecKOM  xonjiHBe. 

IIocjieAHHe  onpeffejT3K)xca  cooxHomeHHeM  oxpaOoxaHHbix  h  hobmx 
peineHHH.  Ha  3Xo  cooxHomeHHe  bjihhiox  xpeSyeMwe  cpoKH  paapaOoxKH, 
oSbCM  H  CXaSnjIbHOCXb  (J)HHaHCHpOBaHH3.  MaKCHMajIbHblH  ypOBeHb  xapaK¬ 
xepHcxHK  H  cHHxeHHe  cxoHMocxH  jiexHOFO  3K3eMnji3pa  Moryx  Gbixb  flo- 
cxHXEiyxbi  B  cjiyxae  nojiHoro  HcnojibxoBaHHH  npeHMymecxB  HHxerpajibHoro 
noZPfOfla  K  HpOeKXHpOBaHHK). 


C.Byji;iameB 


Propulsion  Systems  of  Small  Space  Vehicles  on  the  Basis  of 
new  Generation  Lov/  Thrust  Rocket  Engines  (LTRE) 


S.A.  Buldashev,  G.K.  Zavgorodni,  Ph.A.  Kazankin,  K.P.  Kulyabin 
R&DIME,  Nizhnyaya  Saida,  Russia 

There  are  the  following  main  problems  of  making  new  generation  pro¬ 
pulsion  systems  (PS)  for  perspective  small  space  vehicles  (SSV)  of  scientific 
and  national  economy  purposes: 

•  to  raise  the  power-mass  improvement  of  PS; 

•  to  ensure  a  possibility  of  10.. .20  year  active  life; 

•  to  increase  the  accuracy  of  orbital  maneuvers,  the  correction  of  orbit 
parameters,  the  station  keeping  and  stabilization  of  space  vehicle 
(SV); 

•  to  reduce  the  adverse  effect  of  thruster  plume  on  SV  elements. 

Their  solution  together  with  a  qualitative  improvement  of  PS  perform¬ 
ance  is  possible  only  based  on  the  new  elements,  specifically  the  LTRE  of 
new  generation. 

R&DIME  proposes  the  following  ways  of  problems  solution: 

•  the  designing  based  on  the  use  of  principles  for  integration  of  func¬ 
tions  of  systems,  units  and  separate  elements  of  construction; 

•  the  pressurization  of  propellant  tanks  and  supply  of  propellant  into 
thrusters  by  pressurization  gas  from  the  main  components  of  propel¬ 
lant; 

•  the  supply  of  propellant  components  into  a  gas  generator  with  the 
help  of  nonrotary  differential  pump -stabilizer; 

•  the  creation  and  use  of  non -traditional  heat-resistant  and  high- 
strength  materials  and  up-yo-date  top-level  technologies. 

The  experimental  prototypes  of  unit,  formed  the  new  element  base  of 
PS,  e.g.  the  LTRE  with  thrust  8N,  400N,  the  miniature  quick-acting  sole¬ 
noid-valve,  the  propellant  tank  with  diaphragm  mehdlic  partition  and  load¬ 
carrying  shell  out  of  composite  material,  the  nonrotary  pump-stabilizer,  have 
been  developed,  fabricated  and  tested  at  R&DIME,  The  possibility  of  crea¬ 
tion  of  SSV  PS  with  the  performance  level  close  to  marginal  for  chemical 
propellant  propulsion  systems  was  confirmed  by  the  tests  of  module  PS  proto¬ 
type  for  SSV,  designed  on  the  basis  of  principles  mentioned  above. 

The  level  of  PS  performance  is  determined  by  the  relationship  of  spent 
and  new  solutions.  This  relationship  depends  on  the  required  time  for  devel¬ 
opment,  the  volume  and  stability  of  funding.  The  ma:>dmum  level  of  perform¬ 
ance  and  the  cheapening  of  flight  example  cost  can  be  achieved  in  case  of 
full  use  of  advantages  of  integral  approach  to  the  designing. 
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SiccjieAOBaHHe  bosmomjhocth  HcnojiBSOBaHHH  b  cocTaBC  yHHBepcajiBHOH  MaJioil 
KOCMHHecKOH  njiaT(J)opMbi  3;ieKTpopeaKTHBHbix  ABHraxejieH. 

r.A.rionoB,  r.B.MajibimeB,  O.n.HecxepeHKO,  A.H.rioKpbiinKHH,  B.M.KyjibKOB, 

lO.r.EropoB. 

rocynapcTBeHHBiH  HayHHo-HccueflOBaxejibCKHH  HHcxniyr  npHKJiaflHOH  MexaHHKH  h 
3JieKxpoflHHaMHKH  (HHKnM3  MAH) 

125810,  r.  MocKsa,  BojiOKOJiaMCKoe  m.  4 
OaKc:  (095)  158-0367 

OcHOBHbie  npeHMyipecxBa  mbiibix  cnyxHHKOB  —  xexHonorHHecKaa  npocxoxa, 
coKpameHHbie  cpoKH  npoeKXHpoBaHna  h  naroxoBJieHHa,  HH3Kaa  cxohmocxb,  c 
HaH6ojn.meH  nojiHoxoH  npoHBJiawxca  npn  HcnojibsoBaHHH  yHHBepcajiBHBix  Majitix 

KocMHwecKHx  nBax4)opM  (yMKH). 

BaxcHOH  3a;];aHeH  aBjiaexca  onpe;^e;ieHHe  oOjiacxeft  npHMeHeHHa  yMKTI,  cnexxpa 
pejieBbix  saflaH,  Koxopbie  3xa  njiax(|)opMa  Moacex  pemaxb  npH  pa3JiOTHOH  KOMiiJieKxaiiHii 
SopXOBbIX  CHCXCM. 

fl|na  noBbimeHHa  mbccoboh  3(j)4>®KXHBHOCXH  Majibix  KocMHHecKHX  aimapaxoB  Ha 
ocHOBe  YMKIl  h  cHHXceHHa  hx  cxohmocxh  Moryx  6bixb  HcnojibsosaHM 
3jieKxpopeaKXHBHbie  asHraxenH.  PaccMaxpHBaexca  B03M03KH0cxb  Hcnojib30BaHHa 
cxaHHOHapHbix  njiaaMCHHbix  HBHxaxeiieH  (Cn/()  b  cocxase  yMKH. 

OneHHBaioxca  ocHOBHbie  xapaKxepncxHKH  Cn/(,  anajiHSHpyexca  BOSMOJKHOcxb 
Hcnojib30BaHHa  yHHBepcajibHOH  Majioii  KOCMHHecKOH  njiax4iopMbi  b  op6HxajibHbix 
rpynnHpoBKax  paanH^Horo  HasHaneKHa,  npHBO^Hxca  xapaKxepnaa  cxeMa  nocxpoenna 

yMKH. 

B  peayjibxaxe  HCCJieaoBaHHH  paapaOoxaHbi  npaKXHHecKHe  peKOMeH^aHHH  no 
BbiOopy  ocHOBHbix  npocKXHbix  pemeHHH  nepcncKXHBHbix  yMKH. 


Investigation  of  the  Possibility  to  use  electric  thrusters  for  small  universal  space 

platform  design. 

G.A.  Popov,  G.V.  Malyshev,  O.P.  Nesterenko,  A.I.  Pokryshkin,  V.M.  Kulkov, 

Yu.  G.  Egorov 

State  research  institute  of  applied  mechanics  and  electrodynamics  (RIAME  MAI) 

4,  Volokolamskoye  sh.  Moscow,  125810 
Fax; (095) 158-0367 

Small  satellite  main  advantages  are  the  technological  simplicity,  short-time  of 
development  and  manufacturing,  low  cost.  These  advantages  appear  with  the  greatest 
entirety  at  universal  small  space  platform  (USSP)  usage. 

The  important  problem  is  determination  of  USSP  application  areas,  purpose- 
oriented  problem  range,  which  this  platform  decides  at  onboard  systems  various  complete 
sets. 

The  electric  thruster  can  be  used  for  mass  efficiency  increase  and  cost  decrease  of 
the  small  spacecraft  basing  on  USSP.  The  possibility  of  stationary  plasma  thrusters  (SPT) 
application  in  USSP  assembly  is  considered. 

SPT  main  performances  are  evaluated.  The  USSP  usage  possibility  in  different 
function  orbital  constellation  is  analyzed.  The  typical  USSP  design  scheme  is  resulted. 

The  investigation  result  is  the  practical  recommendations  for  the  perspective 
USSP  major  design  solution  choice. 


nporpaMMa  HACA  CBHP-  MHKporaaoBwii  peocxaT  ynpaBjieHHa 

nOTOKOM  KCeHOHa 

Hapjibs  Maii4)op^i,  Pepi  KejiJiPi 
MapoTxa  CaHeHTH4)HK  KoHTpoji3(MCElH),  Hhk. 

78  ByHTOH  Abchio,  n/a  427,  MonTBHJib,  Hbio-A»^epcH  07045-0427,  CUIA 

Teji.:  973-33-7800 

MCKM  npoaojiacaex  paapaOoxKy  MHKporaaaoBoro  peocxaxa  (MFP)  no 
nporpaMMa  HHHOBaixHOHHtix  nccjieflOBaHHH  Majioro  Onaneca  (CBHP)  nofl 
arnflOH  HACA.  TeMa  CBHP  -  paapaOoxKH  b  oBjiacxn  flBnraxejn,Hbix 
xexHOJioFHH.  MCKH  npoBejia  HccjicflOBanna,  paapaSoxajia  n  naroxoBHjia 
MHHHaxiopHbra  npnBop  ynpaBJieHiM  noxoKOM  KcenoHa  (MrP), 
Hcnojibsyiomnn  MHKpoMHHHaxiopHyio  xexHOjioraio  MEMS  n 
MajionoxpeBjiaiomyK)  ajieKxpoHHKy  ajib  npHB6a:eHHn  npnOopa  b  AencxBne. 
ripnBop  no3BOJi>iex  oc3nii;ecxBHXb  /tpoccejinpoBaHne  noxoKa  Kcenona  b 
ananaaoHe  3:1. 

Hcnbixanufl  noArBep^HJiH  }Ke.xaeMbie  xapaKxepncxHKH.  Hcnbixaniw 
npo^onxaioxca  b  aa^anHOM  flnanaaoHe  xeMnepaxyp  n  ;i;aBjieHHH. 


*4.  Maji(})opfl 


nj[a3MeHHMe  ABHraxejiH  hobofo  noKOjieHMa 
AJia  Maabix  KocMnaecKHX  annapaxoB 

A.H.Mopo30b\  B.M.BajieSaHOB^,  A.H.ByrpoB^,  A-C-JIanaxoB"* 

PHU,  “KypaaxoBCKHH  HHCXHxyx’’^  HKH  PAH^,  MHP3A^,  MHP3A‘^ 

Pa3pa6oxaH  hobwh  xhh  cxai^HOHapHwx  ruiaaivieHHWX  ABHraxejieH 
(Cn^I,),  npeAHasHaaeHHMX  fliJia  HcnoabsoBaHHa  b  cocxase  Majibix 
KocMHBecKHx  annapaxoB  (MKA)  Hay^iHoro  HasHaaeHHa  Maccoii  ao  100  kt. 

noxpeBaaeMaa  aaeKxppwecKaa  MomHocxb  axHX  ABHraxeaea  ox  500  ao 
1500  Baxx,  noayjToa  pacxoAHMocxH  cxpyn  He  6oaee  15  rpaA.,  xaroBaa 
3(i)4)eKXHBHOcxb  45-70  npoHCHXOB.  ^BHxaxeab  HMeex  luiaBHo  peryaHpyeMbie 
xapaKxepHcxHKH,  axo  no3Boaaex  HSMCHaxb  no  KOMaHAaM  pexcHM  ero 
paGoxbi. 

/I,BHraxeaH  Moryx  oOecneaHXb  naaBHO  HaMenaiomyioca  xary  b 
AHanaaoHe  ox  oahoxo  ao  AecaxH  rpaMM,  a  yAeabHbm  HMnyabc  -  b 
AHanaaoHe  ox  1100  ao  2500  cexyHA. 

TaKHe  ABHraxeaH  Moryx  Bbinoanaxb  na  Miuibix  KA  paaaHHHwe 
(jjyHKHHH: 

•  nepcBOAHXb  criyxHHK  c  oahoh  opGnxbi  Ha  Apyryio  (ycKopcHHC, 
aaMeaaeHHe,  HaMeHeHHe  HaKaoneHHa,  “cKpyrKa”  opGHXbi  h  x.a.)» 

•  HcnoabaoBaxbca  b  KOHxype  ynpaBaenna  aaa  opHCHxanHH  h 
cxaOnaHaaHHH  KA.; 

•  ocymecxBaaxb  aioSbie  KoppeKpHH  opOnx. 


A.MopoaoB 
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vgJIEKTPOTErMMjiEaK.QI^^  KIO  r^THi 

ApxHnoB  B.A.,  BuHorpfiAOB  B.H.,  Mac,ieHHHKOB  H.A.,  MypaujKO  B  M 

0KB  ''tDaKeji" 

236000,  KajiHHHHrpBA, 

MoCKOBCKHfi  npOCriCKT,  181, 

OflKC;  (8-01 1 2)  46-17-62,  (0112)  45-66-00 


HflTliH  A,r, 


B  AOKjia^ie  paccMorpeHbi  xaparrepMcniKM  MHorocjnHKuiioHaflbHoro 

pa‘pa6.;^un^HcrH 

iiaxo;i,aTCK  b  cxa/imi  OTpa5oTKH  pj},B  MO,inHcj>HKaunH  BjicKTpusecKOjo  pcaKTHBHoro 
aBurareim  b  fliianaaoHe  rar  ot  10-^  i^o  lOH,  npeAHfiriHfiHeHHwe  abh  npemvAHOHHoro 
op6HTw””'’  nPAojKCHHeM  KA  b  KOCMH4ecKOM  npocrpaHCTBe  u  KoppeKuneil  ero 

\fT\  co3AaHHio  >kha80Cthwx  paKexHbix  ABHraxejiei'i  Maxiofi  rarn  caCPH 

T)  Tflroft  B  AecflTwe  m  coxue  aojih  Hbioxona  ajuifliOTca  oahhm  h)  Bax<He>1iiinx 
HanpaBBeHHH  ABHraxeaeoxpoeHHa.  0KB  “<t>aKexi»',  HaKOrme,.  Goxiee  mcm  20a  a eS 
oiibiT  cosAaHna  OAHOxoMnoHeHXHbix  PAMT,  ycneujHO  ocbohbiuhx  3tot  AHanaaoH  T«r. 
t-.ioAa  oxHOCHXCfl  ccpvnlHbie  aAeKxpoxepMOKaxajjMTMMecKiic  TKA  KIO,  KSO-10  1  h  F^ikel- 
IN,  a  raKKe  GecKaxanmaxopHbie  xepMHHecKHe  )KPA  MT  m  ABHrarejiM  a  naasHbiM 
p  ryAHpoBanHCM  xarn.  Ha  Gase  TKA  cosabh  HOBbiii  wiacc  OAHOKOMnoHCHTHbix  PAMT 
-  BbiHOCHbie  ra3o-  h  XHAKOcxHOpcaKXHBHbie  ABHraxeAii  renAoaKKyMyxjAxopHoro  rnna 

MHoroJyHKUMOHaAbHbiH  3;i©KTpoTepMB4ecKHR  ABiiraxeAb  KIO  HSroxaBj.HBaexca  0KB 
<PaKe;i  b  xpex  BapHanxax:  XHApa'JHHOBOM  xepMOKaxajiMTHwecKOM  w 
3AeKXpOXepMOKaxaJIHXH4eC.KOM,  raaOpeaKXHBHOM  MHKporpaBHXaAHOIlHOM. 
rasopeaxxMBHOM  xeanoaKKyMyAflxopHOM.  FasopeaKXUBHbte  BapMaH'jw  TKA  KIO 
peaAH3yK)x  wiaBHoe  peryAMpoeaHHe  Tarn  PAMT  b  AHana30He  I0\..10'  H  hto 
noSBOAflex  TaK>Ke  peujHxb  npoGAewy  oGecneyeHMM  ycmmjii  MMKporpaBiixanMH  na 
Gopxy  xtJXHOAOninecKHx  MOAyJiefi  mah  KocMHHecxofi  craHiJ,mi  xHiia  "Mhp"  UlaxTA 
C..o3AaHHe  MHorofJjyHKBHonaAbHOro  aJiCKxpoxepMHAccKoro  ABHraxeA^  Klo’aBAflexcfl 

o'lepeAHbiM  luai-OM  B  pasBHXHH  paGox  0KB  "(PaKeA".* 

ripHMeHeHiie  CHA  h  3TA  KIO  u  CHcxcMax  ynpaBAenufl  BbiBeAenuB  MaAwx 
cnyxHHKOB  oGecneyjiBaex  noBbimenHeKOMMepyecxofi  34)(j)eKTHBnocTH  xaKHX  CHcrew^ 


THAB  KIQ 


HayyHo-MCCAeAOBaxeAbCKne  paGoiw  no  coxauhuk)  Tej)Moj<axaAHTH4ecKiix 
ABHraxeAefi  npoBOAHAHCb  b  OKE  “<J>aKeA”  c  1978  roAa  m  3aAo>KMAH  huvaho- 
rexmmecKnei  ochobu  A^ia  C03Aatinj)  nepBoro  oxeyefnaenHoro  nmjxaJiiHOBOro  "!^’PA 
Ml  H  nepBoro  b  MHpe  cepnilHoro  xepMOKaxaxinTnyecKoro  ABuruxeAfl  na 
MexaAAHyecKHX  KaxaAnsaxopax. 


MccAeAOBanbr  pasAwynwe  nyxii  opraHnsaann  paGoyero  npouecca  h 
cooTBexcxayiouAHe  KOHCxpyxxnBHwe  BapnaHTbi  yaaOB  BnjJbicxa,  lepMOKiiTaAHTnyecxnx 
naxeroB.  KaGenbnux  HarpeBaxiiAeti  h  Apyrnx  sAewenrOB  TKA,  CoAbUJKHCxBO  m3 
Koxopwx  ceroAHa  saiuHUjenbi  aBxopcKHMn  CBHAercAbCTuaMM. 


PeiueHa  cJiyHAaMCHTaiibHaH  Haymio-rexHH'iecKaH  npo6;ieMa  BwcoKOTOMHoro 
o6ecneMeHnji  'j'flrn  h  MfiKCHMajJbHoro  orpanHHeHUfl  paanoratOBOCTU  napHbix 
ABHraTtnefi  MOMenruoH  cHCo’cMbi  opHCiiTomiH  h  CTa6iuni3amin  KA. 

flajihHeiiiuiis  ncc;ieAOBannfl  no  noBWinenmo  tohhoctiii>ix,  pecypoiux  n 
peryjiHpOBOiJHWx  xapaKTCpucTHK  no3BOJnian  bbiBecTij  oxeneciBeHHbic  TK/I,  COC  Ha 
TcxHHMecKnJi  ypoBeKb,  npeBocxoAsmuii  xapaKiepHCTiiKH  Bynunix  3apy5e»:Hbix 
MOHOTonJiiiBHBJX  5KP/I,  MT  aioro  KJiacca,  h  cosAuxb  hobos  noKoneHiie  TK4  c 
yjiymneHHbiMH  MaccosbiiwH  3HeprsTHHecKHMM,  AmiaMHnecKHMH  xapaKTepHcruKaMH  h 
npaKTHHeCKHM  cpoKOM  aKcnAyaxauMM  fO  ast  h  6ojjee. 

B  peilyAbTaxe  HHP  TK/I,  xaKJKe  coa^aH  yMHKajibUbifi  HSMcpinejibno- 
AHaxHocxHHecKviK  KOMnnsKC,  nosBOJiaioujiHti  naAOKuo  HSMsparb  ii  nporHoanpoBuxb 
xarOBbie,  AHiinMUHSCKMe  h  aneprexHHecKHe  xapaKxepMCiHKM  TK^  b  AHanaaonax  xarn 
0,..l0^  H,  0...10'  H  M  0..,I0®  H.  B  XOM  Hucne  coBMecxHo  c  AFY  h  HIlO  FHnX 
pa3pa6oTaiibi  h  ehsapshw  ne  HweiomHe  aHanoroB  naMepHxenn  ram  111-3  h  ,HHT-2,  a 
COBMCCTHO  c  KB  aasoAa  ‘TocMexp”  -  KBapueBue  ajiSKxpOHHBie  ycxpoficxBa  ajih 
OAHospcMCHHoro  H3MepeHHa  xarn,  BeKxopa  xaxM,  pa3iioxarOBOCTM  h  xeKyLqefi  Maccu. 

K  cepcAHHe  80-x  xoaob  npaKXMHecKH  see  3aAa«JH,  csasanHwe  c  iipiiKJiaAHbiMH 
HUP  no  cosABHHK)  xHApaaHHOBbix  xarori  ao  1  H,  ycnemwo  peiAenw  h  nayajiacb 
nexiiaa  OKcnAyaxaunfl  TK^  KIO. 

TepMOKaxajiHXHHecKHH  niApa^HHOBbiH  Aanrarejib  KIO,  noayHn.'i  uinpoKoe 
npHMeHSHHe  b  jicthoh  npaKXHKe,  nxo  oSycnoBJicHO  er o  BbicoKoii  KaAS>KHocTbio  b 
aKcnnyaxauMH,  cxaSiinibHOCTbio  napaMerpoB  Ha  npoxa>KeHMn  Bcero  pecypea 
opGnraabHoro  (})yHKUMOHHpoBaHM«,  noATBcp^A^HHaa  BejinHiiHa  Koroporo  cocTaBJiaex 
K  HacToauieMy  BpeMCHU  8  nex.  TK^fll  KIO  npHMCHsexcfl  c  1982  roAa  Ha  oxenecxBeHHbix 
reoexauMOHapHbix  HC3  pa3AHHHoro  HasHaHeuHa  xiina  "Kocmoc",  "Jly>j",  Tajic", 
"3Kcnpecc"'  3a  3tot  nepnoA  b  kocmocc  ycrieiuHp  oi  paGorajio  a 

npoAOAJKaex  ycnemno  aKcnAyarapOBaTbCfli  cBbiiue  2000  ABuraxeneii  KIO. 


Phc.  1  OSiAHii  BHA  TK/t  KIO 

B  HacxoBiAee  Bpevifl  pa3pa6oxaK  ero  ycoBepiueHCXBOBaHHbJH  Bapiianr  Tl<;^  KIO 
-  3JieKxpoiepMOKaxannTMHecKHM  ABHxarejib  K50-10. 1.  /l,BHraxej]b  hBa.UM(j;HHHpobaH  na 
paciuHpeHHwfi  AHanason  rara,  HMeex  OoAse  npoBHyto  KOHcxpyKUMK),  onTHMnanpoBSH 
no  yMeHbuieHHK)  xennoBbix  norepb. 


Perforinancaof  ihe  Multi-Application  Long-Time  Electrothei mal  Micioiockei  Engines  KIO 

B.Arhipov,  V, Vinogradov,  N.Maslennikov.  V.Murashko,  A.Niaiin 
FAKEL,  Moskovsky  pr.  181,  Kaliningrad  236000,  Russia 
Fax:  (8-0  J 12)  461-762;  Tel:  (0112)  456-600 

Abstract 

The  i»6rformancc  of  microrocket  engine  KID  is  discussed  in  this  report.  Said 
thiustei  was  developed  at  FAK-EL  where  electric  thrusters  covering  thrust  laitge  from 
10-’  up  to  ION  have  been  or  »ie  being  developed  as  well,  intended  foi  accurate  attitude 
control  and  orbit  maintenance  functions  of  a  spacecraft. 

Development  of  low  thrust  (several  tenths  or  hundredtlns  of  a  Newton)  liquid 
propellant  engines  (LTLPE)  is  one  of  the  most  important  task  in  the  piopulsion 
technology.  FAKEL  liavc  been  developing  mono -propel  lain  LTLPEs  for  more  than  20 
years  having  successfully  covered  such  thrust  range.  These  are  commercial 
electrothermocatalytic  thrusters  KIO,  K50-)0.1  and  FakeMN,  number  noncutalytic 
monopropellant  thrusters  and  also  engines  and  smooth  regulation  of  thrust.  KIO  was 
used  as  a  basis  for  development  of  a  new  class  of  monn-propellant  LTLPE  -  remote 
gas-  or  liquid-propellant  heat  accumulating  microrocket  thrusters.  Multiapplication 
LTLPE  KIO  is  manufactured  at  FAKEL  in  three  variants:  hydrazine 
electrothermocatalytic  thrusters,  gas-propellant  micrograviiy  thrusters  and  gas- 
prppellant  heat  accumulating  thrusters.  Gaseous  propellant  microrocket  variants  are 
designed  for  smooth  thrust  regulation  within  range  IOL.,10-'  N  that  would  help  solving 
task  of  providing  the  microgravity  conditions  on  board  of  space  vehicles  such  as  the 
Space  Station  MIR  or  the  Space  Shuttle.  Development  of  a  tnuillapplicaiion  thruster 
K 1 0  Ic  a  new  step  In  FAKEL  strategy.' 

Application  of  the  SPTs  and  the  KlOs  in  small  spacecraft's  orbii  transfer  control 
subsystem  would  improve  its  efficiency.^ 


The  KIO  Thruster 

FAKEL  have  been  promoting  the  R&D  work  on  thermocaialyiic  thrusters  since 
1978,  having  put  the  scientific  basis  under  the  first  national  hydrazine  LTLPE  and  the 
world's  first  serially  produced  thennocatalyiic  thruster  with  a  metallic  catalyst. 

Several  operation  process  versions  and  respective  design  options  in  injector, 
catalyst  pack  uable  heater  and  other  elements  have  been  studied,  most  of  which  are  now 
patented. 

The  fundamental  scientific  problem  was  solved  lying  in  highly  accurate  thrust 
maintenanne  with  maximally  effective  limitation  of  thrust  difference  ijt  a  thruster  pair 
operating  in  a  spacecratt  attitude  control  and  station-keeping  subsystem  (ACS). 

Further  improvement  of  accuracy,  life  and  regulation  parameters  has  advanced 
the  domestic  TCTs  for  ACS  to  a  level  over  the  best  of  similar  foreign  rnonopropellant 
LTLPT  and  has  resulted  In  new  generation  TCT  with  advanced  mass,  power  and 
dynamic  characteristics  and  lifetime  over  10  years  or  more. 

R&D  on  microrocket  L  tupe  also  produced  a  unique  measurement  and 
diagnostics  setup  reliably  measuring  and  giving  basis  for  forecasts  regarding  thrust, 
dynamics  and  power  characteristics  of  TCT  within  thrust  range  0...10-2  N,  0.,.10-l  N 


and  0,..I00N.  DGU  and  NPO  GlPH  took  part  in  devclopjnent  and  application  of 
unique  thfust  $tands  IT-3  and  DlT-2  and  the  Design  Bureau  of  the  Gosmetr  Factory 
in  development  and  application  of  quartz  electronic  device  for  simultaneous 
measurement  of  thrust,  thrust  vector,  thrust  diffej  ence  and  current  mass. 

By  i^Ocs  almost  every  task  of  R&D  on  hydraziite  mici  orocket  engine  with  thrust 
of  up  to  1  N  was  successfully  completed  and  the  K 10  w  as  flown. 

The  thermocatalytic  hydrazine  thruster  K 10  has  been  intensively  flown  due  to  its 
high  operation  reliability,  repeatable  perforniance  over  the  entire  opej  aiional  lifetime 
which  has  been  demonstrated  by  now  as  long  as  8  years.  Tiie  KlOs  have  been  flown  on 
board  of  rjational  geostationary  satellites  of  various  application,  such  as  KOSMOS, 
I..DCH,  GALS  and  EXPRR^S,  GLONASS.  Over  2000  KIOs  have  been  tlown  since  that 
time  sorna  pif  which  fife  still  operating. 


Fig.l  The  KIO  thruster. 


The  improved  KIO  version  ii  developed  —  electi  otlierniocatalyjic  thrusLei 
KSO'lO.j.  That  thruster  was  qualified  for  an  extended  thrust  range,  its  design  is  siiongcr 
and  the  heat  losses  are  optimized. 


The  K 10  is  shown  ^  Fig.  1  • 

Components  of  the  KIO  and  the  K50-10.1  are  shown  in  Fig.  2. 


ODHCAHHE  TKil  KlO  h  3TKi]  K50-10.1 

BfWflbHI-ATHn^l  KIO  UPiy^OTAD-riUH  HA  PHC.I 

Cocxas  M  ocHOBHbie  ^  /eivieHTw  TepMOKaTajinrH4tJCKoro  rH;;pa3HHOBoro 
ABJirareJia  KIQ  h  SJieKxpoTepMOKaTaJiHTjmeCKoro  ABMxaTejin  K50-10.I  npiiBeAenw  wa 
PHc.2 


Pmc.  2  Cocxaj*  h  ocHOBHbfe  sjieMeHTbi  TK/^  KIO  h  9TK^  K50-10. 1 

TexHHHecKHe  xapaKTepHCTMKii  TK/1,  K 1 0  h  ^TK/^  K50- 10.1 
•  OcHOBHfaie  lexHM'iecKHe  xapaKTepHCTiiKti  TK/^  KIO  iipiiueAeHbj  b  I’atiji.  1 . 


Ta6A.  1  TexHHAecKHe  xapaKTepHCTMKH  TK/1,  K10 


riapaMerp 

Tnra  ABurarenH,  HOMUHantHaa  H 

■■EnHH 

yAejibHbiJj  HMnyjibc  npn  ycTaHOBHBiueMCfl  HenpepbiuHOM 
pexcHMe  paGoxbi,  H  cAcr 

2000...2100 
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rioflTBepjKAeHHww  pecypc  paOoTbi  no  cyMMapHowy  bpbmohh 
BKfllOMBHMH,  Mac 

160,  HB  MCHCe 

HaAeJKHO^lb  B  3KcnnyaTai4MM 

0,999  npH 
AOBepwTenbHoii 
eepOHTHOCTM  0,8 

Bocnpon3BOAHMOCXb  xarn  ABHraxe-neH  npw  OAHHaKOBbix 
BxoAHbix  napaMeipax  (xeMnepaxypa  h  Aafi^'SHne  xnnnHBa 

Ha  BXOAe),  % 

],5He6ojiee 

CxaGHJibHOcxb  eAMHMMHoro  HMnyAbca  xarH  npM 
OAHHUKOBfaix  BxoAHbix  napaMcxpax,  % 

3  He  Gojiee 

nsTHan  aKcn/iyarauMfl 

•  OcHOBHbie  TexHHHecKMe  xapaKtepiiCTHKH  3TK^  K50-10.1  npuBCACHbi  n  Ta6A.  2, 


TaGji.  2  TexHHtiecKHe  xapaKiepMcruKH  KSO- 10. 1 
—  napaM&Tp  _ _  r  ^HULje 


I  I  II  III  J  '  I  III  I  _ 

Tara,  mh 

,  jtasjieHHe  tonxiHBa  Ha  BXoi.e,  xfla 
3HepronoTpo6jieHHe  b  pe>KHMe  TepMocTa6M:jaumiTB'j 
_no.n,TBep)KfleHHfcifi  necypc  pa6oTbi: 

_ no  «]HMy  BKJnoHeHHfi  ' 

_ no  Sb}pa6oTaHnoMy  TonxiHBy,  xr  _ 

— — - HorpeBaTCJisi  p  peacHMe  TepM0CTa6M3QiiHn.  jict 

Macca  Moqyjifl  KIO,  kf  - 

C^Ta^wfl  OTpa6oTKH  ™ 


—  3nai-jejine 

530-% 

'  853, .,206 
_ _ 

jThp 

; 

—  "O.'o? 

cepjifiHoe 

H3l'OTOUJieHHe 


ni’omiui  KHA3iMa>iiKAMnioi)  Mc;na;jh:jyETc:;i u MiJ>k'AyHA)'0/ihroM npouKTH 
.AHIi^Am^tFAKEl..lN^lPAKrl{^bx:KHil^oT;H.|MAm•t3ioTKl(h•l^r3I;^ciAl(;l;il'TlJ^o 

‘I'OPwHPOHAHHWft  ^OT’A^^Y),^|yHAPHAH^' 


tawagi 


in  3Tfl  Ki  n 


LauKiii 


ri.c,  ABMiarejib  KlOP  npeAHa3Ha<ieH 

MH  oCecneHcuMfl  ycnoBHH  MHKporpaBHTau.iH  na  6opTy  OKC  h  xexHo.Tior  HwecKMx  HC3 
o5ccne«inBaeT  pa6ory  b Manaaone  tar  lO-^  lO-^  H  npn  SHepronorpeGneiiaH  5-10  Bi%  ’ 

Tara  (T)  3TMr;i,  K lOP  Ha  rasooGpasHOM  paGoneM  xeao  b  subhchmocth  ot 
Mo;in(})HKaHHH  HaxoAHTca  b  npcACJiax,  onpeAenacMbix  jaBncHMOCTbK>: 

T{MHj=(6...60)‘^PHX  [aia], 

Me  Pbx  -  AauneHHe  raaa  Ha  Bxofle  u  ABHi  aTeab. 

npH  3TOM  B  AMHnaaoHC  AO  SO  mH  Tflry  ASHratejia  MoacHo  ruiauHo  peryjiHpoBaxb 
nyreM  Harpesa  rasa  c  noMoiAbio  mxaxHoro  sjieKTpoHarpeBaxejja  kbk  wa  bxoac  b  coimo 
xaK  H  Ha  BxoAc  B  ABHraxenh.  A^ih  npHMepa  hb  Phc.  3  noKaaana  perynapoBOMHaa 
xapaKxepHcxMKa  AcyxypoBHCBOil  MOAH4)HKaAHn  3TMrA  KlOP  Ha  axore  npii 
nopTOBHHOM  AMneHHH  noAayw  2,4- 1  O’  Ha. 


Phc.  3  PeryAnpoBOUHan  xapaKTepncxnica  STMFA  KlOP 

3Aecb  I  *■  nopHAKOBoii  HOMep  cxyncHu  peryjJnpoBaHH«,  Tk  -  leMiiepaTypa 
Harpena  raaa  b  xaMeps  3TMrA  KlOP,  Tbx  -  xeMneparypa  Harpcaa  ra3a  hu  Bxoae  b 
AHOrareBb. 


llpH  paGoxe  na  HeKOHAeHCHpyxauiHxcfl  ra3ax  b  ycxaHOBUBibeivtca  HenpepwuHOM 
peJKMMC  yflejibHbtM  iiMnyjibc  3TMr;i  K 1  OP  h  9TA;|  K  I  OK  oripe^iebnexca 
3aBHCHM0CTbIO 


Jyn  =^0.928.  (0 

Kp 

r;ie  Kt  h  Kp  -  coOTBCTcrueHHo  KosiJxJiHMritHX  i«i  h  h  nocroaHJiaji  pacxoaa,  Koropbie 
aaBHCHT  ox  po^a  rasa. 

B  bacTHocTu,  Ha  asoxe  ytte.<JbHwii  iiMnyjjbc  paBen 

Jynj,.^  =:40.9VTK,[H.c/Ki'j 

npH  saxpaiax  MomwocTH  wa  HarpcB  rasa  b  Ktuiepe  9TMr;4 1^1  OP  ii  3TA/^ 
KlOK  oT  3  p,o  8  Bx  H  MHKpotarax  flo  50  mH  y^iejibHwO  nwnyjibc  na  asore  cocxaBHX 
900,..l  100  H.c/Kr, 

Kax  noKasanii  axcnepHMeHxajibUbie  HCcaezioBaHtiH  3TA;^  KlOK,  nwi  paSore  Ha 
KOHAeHCMpyiomHxcB  rasax  y.uenbHbiH  iiMnyjibC 3TMr;^  KlOP  h  3TA/1  KlOK 
npii6x(M>KaeTCH  k  ypouHio,  xapaKrepHOwy  fljja  papHOBecHoro  iicieHeHna.  B  ‘lac-xHocxH 
Ha  KceHOHe  6bja  nonyHen  yAejibHbifi  HMnyjjbc  3TAJl[  KlOK.  no/iMiHiaroimificH 
SaBHCMMOCTM 

Jyn^.  =  36  +  0.025  (T^  -  273) 

B  CBfl3H  c  3XHM  npH  HM3KHX  xeMHepaxypax  yAeribHwfi  MMnyabc  h a  30  % 
oKfi^bipaercH  BbiLuc,  hcm  onpejicjjHeMbifl  no  (|)opMyjie  (1).  IlpH  TeMiHjpaxype  Tk  ^ 

450^0  yfle;ibHbiH  MMnynbc  KIO  aa  xceHOHC  Ha  5  %  Bbime,  HeM  no  cJjopMyne  (1). 

Cjieflyeii^'^XMexHXb,  mto  KecMOxpa  na  6ojiee  neM  AByxxpaxHyw  pasHHuy  b 
yiteabHbix  HMnyubcax  oxHOcHxeabHbie  HMnynbcbi  rasopeaKxiiBHbix  chcj  cm  Ha  asoxc  h 
na  KcenOHe  H3-3a  aiiaHMxenbHo  6ojiee  bwcokom  naoxHOCXH  xceHoiia  6jih3kh  Apyr  npyry. 
Tax,  ecBM  OTnecxH  oBuimH  Hiwnyxibc  xarH  Jo6  k  cyMMapHon  Macce  Bajiaona  M6  n  rasa 
Mr,  KOTOpafl  cocxaBjiaex  ocHOBHyio  aojiK)  Maccw  rasopeaKXHBHoO  cHcreMbi,  to  a^s 
a30xa 

}n,  =  J^g/CMg  +  =  410...450H-C/KT. 

a  AJiH  KCCHona  npH  onxMMajibHOM  AaiWieHMH  b  BaxiaoHe  1 20- 10-^  Ila 

Jn,  =  +  Mx,)  “  390...430H-c/icr 

B  .3TOM  oTHOlueHHH  3awiyKHBa}OT  xaxTKe  BHHMaHHb  raaopeaxxMbHbie  cHcxeMw  c 
3TMr21  KlOP  Ha  xaxHx  paBoHHx  xejiax  xax  aMMuax  u  boas,  xoxopbie  Moryx 

XpaHHTbCfl  B  JKHAKOM  BHAC. 

OnHcaHne3TMrAK10P 

IlpHHMunHaJibHWM  OTJiimneM  npeABO)KeHHOro  MexoAa  lepMopery/inpoBaHHb 
Tarn  ox  xpaAMUMOHHbix  aBJiflexca  to,  hto  npn  nocToaiiHoH  leMiiepaxype  raxa  na  hxoa® 
B  ABHraxeAb  HSMeneiiHe  xxrH  ocymecxBaHexca  6e3  ApoccejiiipOBaHiia  pacxoAa  Toabxo 
nuiub  nyxeM  H3MeHeHH«  xepMOAHHaMHHecKMX  napaMexpOB  rasa,  ho  jipn  nocroAHHOM 
pacxoAe  ero  nepes  conao. 

Peanbuaa  KOHCxpyKAHB  3TMr/t  KlOP  ripaKTH'iecKH  nonnocrbio  cooTBeTcrByex 
KojicxpyKUHH  ^T,^  KIO.  OxAHHMe  saxmoHaeTCfl  b  cmchhwx  yaaux  Biij^bicxa,  npoxoAHoe 


CQMeHHS  KOTopbix  BbidupaTbcsi  M3  ycnOBHs  obecDCMtJHH^  KpMi HMccKoro  nepena^ia 
flaBJieHMfl. 


TEXl-IimBCKMEXAPAKTEPHCTHKM  3TMr/^  KlOP  HA  KCBHOHE,  A30TE 


HapaMcip 

SHaMCHHe 

PaSoHee  t§ao 

Tara,  mH 

rapaHTMflHbtf^  pacypc  paGoxbi  HarpeBaxena  AUMraxenH,  Mac 
OHepronoTpcQacHHe,  Br 

CraAMfl  oTpaGoTKH 

KCeHOH, U30X 

1-10 

HOMenec  100000 
5-10 

KBaniKpHKaiU'iB 

3JlE.KTP0TEPMM.^ECKHHTEnJ]OAKKyMy.r[;iTOFH blH  JIBHrA'iEJiE 
(aiAaiK I.QKr  MQAH<PH KyiI4>Jj^^i7XKJ0 

KaK  noKaaaJiH  SKcnepuMeHTajibiiwe  Hccnej-iOBaHna,  kOHCTpyKuiia  TKA  KlO  c 
KHTajinTHHecKHM  pasjic/'ieHHCM  MoiioTorijjHna  MOM^er  6biTb  Henocpcaci  bchho 
Mcno.iib30BaHa  am  cosamhhh  rasopeaKiHBHWx  CHCreM  opucif  j'auHU  h  ciaOnjiHaaiiHn 
HOBoro,  nnOHKKyMyAMpyiowero  xMria.  Hepabiii  n  Miipe  onurnwfi  oCpaaeu 
TeriJioaKK^My;iHpyK>mero  ABHraxeafl  6bm  cosabh  b  1993  roAy  b  OKB  “OaKCB”  na  6a3e 
cepMHHoro  KIO  aba  HcnojibaoBaHKa  »  oGbe/umcHHoii  iia  KcewoHe  no  iipoeKiy 
Me)KAyHupoAHoii  KocMHMCCKofi  3HeproABHraTejibHoli  chctcmw  “Tonaa”. 
fleMoucTpauHOHHWMH  HcnbiTaHUHMM  3x0X0  ABHraxeMH  6biJ(0  noKaaano,  mto  oh  mokcx 
pa6oxaTfa  npaK'XMMeckH  aa  jiio6bix  raaooSpaxHbix  BemecxBiix  c  yposHCM  noxpe6jifleMoft 
MOmHocTM  Ha  OAMH‘ABa  nopBAka  MewbuJeM,  mcm  b  xpaAimiioHUbix  aiieKxpoHarpeBHwx 
ABiiraienax. 

MoAyAb  TenAoaKKyMyjiHpyiOiAero  ABiirarenfl  nan6ojiee  34)(l)eKi  hbho  MO>KeT 
Sbi'j'b  HcnoAbaoBaH  b  rasopeaKTHBUbix  cncxeMax  ynpau/iaHUfl  KA,  ahmi  ai  ejiH  Koxopbix 
pa6oxaK)x  npeiiMymecxBeHno  b  pcxcMMax  c  BbicoKoft  CKBa>KHOci bio.  B  nacxHOCxH,  k 
xaKMM  cMcxeMaM  oxHOCMxca  opHCHxaunH  h  cxaSHjm^auHM  KA  c  AniixejibHWM 
cpoKOM  aKTHBHoro  cymecxBOBaHHJi.  B  3XOM  cjiynae  aaMena  “xojioAUbix  coneA’'  Ha 
3jieKTpoHarpeBHbieTennoaKKyMyAnpyiomue  MOAyan  no.^BOjiHex  yjjsAiiMHXb  cyMMupHbiR 
HMnyAbC  tarn  COC  Ha  SO.. ,60%,  IlpH  3T0m  AOnojiHiixeabHaH  MoiAHocxb, 

aaTpaHMsaesiaH  hm  paSoxy  COC  na  6yAeT  npeftwiiiaTi.  .30. ..50  Bx,  a  Macca  oamoxo 
MOAyAfl  cocxaBAfleT  0.07  xr.  Ha  axane  BbixoAa  KA  tia  luxaxHWH  pe>KnM  p<i6oxbi 
Ten.aoaKKyMyAnpyioiiinO  ABHrarenb  mojkbx  paGcxaib  c  BbiKJiK>MeHHbiM  HarpeBaxeaeM, 
pa-iHMBaa  tot  x<e  yAeAbnwri  HMnyjJbC,  4XO  m  “xojiOAiibie"  coiiaa. 

B  anexxpoHarpeBHOM  TenAoaKKyMyaHxopHOM  pcxcints  (naxer  KaTaanaaTopa 
aaMeHCH  Ha  naxei  M3  Hep)KaBeK>iAeM  cxaAn)  MOAHttiUKauMfl  31/1  KIO  paGoraet  b 
pe>KMMe  HMfiyAbCHbix  BKajoHeHufi  c  TeMnepaxypon  Hai  pena  fi.o  1  000“  C.  /iBHraxejiH 
3Toro  TMna  woryx  paSoxaxb  npaKximecKH  na  nioGbix  raiooGpainbix  h  mcmakhx 
paOoMHX  xenax:  KcenoH,  aMMuax  (oSbeAHHCHHue  3P/iy);  oTpaGoxaHHLie  acHAKocxH  h 
MexaGoAMMeCKHe  ra3bi  -  yrAeKHCAWH  raa,  Mexan,  boab  (nHAornpycMbiie  OKC);  BOAopoA 
{ HcnnpHiomnecs[  KOMHOHeHTbi  paxei  Horo  ToniiMBa). 

OllMCAHHE  3TAA  KIOK 

OGiahh  bha  3TAA  KIOK  npeAcxaBJieH  Ha  pnc.3 


Pmc.  4  <  BHfl  9TA/J,  KlOK 

l-K.’ianaH,  2-'ipy6Ka  noaaHii,  3-MOHiu;KHh)i1  <j)jjaiicn,  4-cocAHueHHc  k  jjhhhh  no/iann 
paSoHcro  xena,  5-3;jeKTpnHiecKnft  Ka6cjii.,  cocAHHcHHe k  Aaj'iHKy  AaB'iciiHfl.?  -  MOAyjib  K lOK. 

MoAyjihKlOK  C0CT011TH3  Kawepw*  ajicKipitHecKoro  narpcBaTCJifl,  coiuia  n  ^KpfiHHOBKyyMnoii 
h30)jhumm.  BiiyxpH  KaMcpi.i  paaMeinen  'repMoaKKyMyjiHpyiou;i!ti  nopHCTbifl  3.iieMeHi'. 

TexHHwecKHB  xapaKTepHC'i HKM  OTAJl  KlOK 
OcHOBHbie  rexHHwecKHc  xapaKTepHCTMKH  3TA/1,  KlOK  iipeACxaBjjeHW  b  Ta6Ji.  3 


Ta6ji.  3  OcHOBHbie  rexHM'jecKHe  xapaKTopHCXHKH  3TA^  KlOK  Ha  paSoMHx  xenux 
DOAopOfle,  aMMHaxe,  aaore 


napaMexpw 

3naMeHne 

npHMeMamie 

Tura,  mH 

100-1000 

:|iAeKTponoxpe6AeHMe,  Bx 

7...15 

Macca  ABHraxenfl,  xr 

0.2.. .0.3 

Macca  ABurareAU  yKaxana  A-aa 
KOMniiexTauMM  MOAyufi  oahhm 
HAH  AuyMH  KAanaiiaMH 

tleHa  XflrH,  Bx/H 

10...  14 

YflejibHaa  Macca 
tiBnraxeAa,Kr/H 

0.5 

PacxoAyeMas  CMKOCxb 
TeruioaKKyMYAHxopa,  k/Iik 

AO  3.2 

HpM  HasaAbHoii  xeMneparype 

AO  600T 

YJiejibHbiB  HMnyjifaC  MOAynH 
KlOK.c 

B  aaBHCHMOCTH  ox  CKBaXHOCTM 
BKAiOHeHHH 

Ha  BOAOpOAe 

300...500  (lie 
MCHec  1700  Bx/H) 

B  cko6kux  yKiijaiia  ueiiu  Tarn 

AAfl  riOJiyHCHHH  MtlKCHMaAbHOro 

yABAbHoro  HMnyjibca  c 

nOMOIAblO  TpaAMUHOHHLIX  3H21, 

Ha  aMMuaxe  (raa) 

100...200  (He 
MCHee  700  Bx/H) 

Ha  aaoxe 

60...  120  (ne  Menee 
600  Bt/H) 

Ha  KcenoHc 

30., .50  (hc  Mewee 
230  Bt/H) 

•  KlOK  npHo6i/<|TaKixCfl  ueAyiMHMH  (JiHpMaMn  CllIA  m  EBponu 
■  HcccjiftAOBaHMa  xapaKxepucTHK  11  npiiMenenHfl  a  nepcneKin&HMx  npoexTax 

TAfl  KlOK  MO/xex  SbiTb  Mcnojibsouan  npii  xarax  Sojiee  50  mH,  3TA^  KlOK 
ocoSeHHo  34>4>eKxnBeH  npu  paSoxe  b  pcxciiMax  oamho'ihwx  BKHioHeHiifi  h  b 
HMnyjibOHbix  peiKHMax  c  eojibuiofl  cKBaxHOCXbio  BKJiioHeHHH.  Cooxaei  CTayiomiie 
saaiiCHMOCXH  y;ienbHoro  HMnyjibca  npu  peiKiiMe  oahhohhwx  BKHiOHeHUH  oTBejiHBHHbi 
eAWHHHHOro  MMny;jbca  xarn  a-qa  KCCHOna  noKaiaubi  na  Piic.  5 


cjjeAyK>iiiHe:  0,05c/0,95c;  0.1c/2.0c.  McnwxaHHH  npouoAiumou  c  naA«KuuHM  AaBJieHHeM 
no'iaMM  ncn  BbiKAJOHCHHOM  M  BKAioMCHHOM  (l)Hr=^7...  13B)  Harpeuaieue  Katviei  b  A* 

MHiiHMUAbHoro  AaeAeHM  noAft^H.  npHReutiKhi 

iiMbojifliMAMe  oueiiHTb  pft’36poc  eAHiiH'Ji'ofo  Hwnyjibca  ripw  puttie  .:  TAA 

PMe  BoraporaBOflHMOOTi.  eaaHHBiioro  awnyatca  oueHHnanacb  no  BennnnBe 

riKHMBWJie>HTHOrO  BpeMeHM  BKAJOyeHHfl 

t  =----  IPJ^ 

’  p,  i 

FAC  PK  -  AtiBJicHHe  raia  hu  BxoAe  b  coiino, 

KaK  BHAHO  M3  rpa4)HKOB,  B  npeAeaax  norpeuiHOCTH  MSMepeHufi  cAMHMHHbiH 
HMnynbC  rnni  He  aaBiiCHT  ot  nopaAKOHoro  HOMepa  BKnK»ieHMfl. 

3HaHeHHa  o>KHAaeMoro  yAeabHoro  HMnyAbca  3TAA 

B  KaMecTB®  B03MO>KHoro  paDonero  TWia  hu  Copxy  opGMxuAbHbiA  kucmh  lecKHx  cxunm 
HCKOTOppix  ApyrMx  ra30B  npHBCAeHW  b  TuGa.  4 


Ta6ji.  4 


TeMnepaxypa  Harpesa  rasa 

H2 

YAeAbHbl 

CH4 

a  HMllV^lbC 

NH3 

H.o/kx 

H20 

C02  1 

450'’C 

4120 

1900 

1600 

1600 

900 

GOO^C 

4530 

2090 

1760 

IT760 _ _ 

1000 

nencneKTHBW  npMMeHCHUfl  raiopeuKTUBHbix  MOAH(|)HKaUHfl  ABHruTCAfl  KIO 
cBBiaHS/nS^Mep  P^KexHoro  BOopyM<eHM«.  paiBMXHeM  pB.HKa 

MaA^Z^r/oB  X^WH-iaUHCH  KA  C  UCABK)  yBCAHMeHM.  CpOKa  aKI  HBHoro 
^^.m^iSaHMr  cBHeVeHMeM  hobbix  kocmhmockux rexHOAOrHU.  xpeOyiomnx 

CymeciBOBUHMB,  AH  OTUTiiniri  yoAOiiatt  MiiKporpaBHraiiviH, 

ftGecnoyuHHH  ua  Cupjiy  uH&iuftnBituN  cTnnnv"* ''  i 

W  ifjKHe  opSnTBl  n  Monn*  Macca  KA  n  HanoonbiueB  ctbuohh  cnocoOciByiOT 

nclojibSOBaHHK.  Ha  »x  6opTy  BWcoHOaWBKTHBHBix  raaopcaKjnB«..x 

3TJI  K|0  c  HM3KMM  3HepronoTpe6ACHHeM. 

COBOKynHOCTH  MHOniC  COTHH  TeAeKOMMyHHKaUHOHHBIX  MLJ. 

^apyrovi  BU>KHOH 

''’"'?SocTBr.  Sm  car  L  npocTBB  aaMBHa  "xonoflHBix-  conn  Ha  ra.opeaKTHBHBiB 
'^rnrKT„“oa"BoraS  a«  „ 

BAHoe  (lyMMapHbia  HunyAbC  raril  rajol.eaK.HbBof>  flV  H,  cootbbictb  ) 
4)MHaHOOBbie  laxpaTbi  hb  MOAepH«3auHK>  KA. 

Kpomb  Toro,  c  yBeAHHBHHeM  cpoKa  aKiHBHOro 

6oa«  luTaTBOii  aKcnnyaTamH  KA 

Gonee  ^wroAHBiM,  tuk  kuk  b  tIO  100  mc)  HMriyABCOB  c 

rSZ,  “n^yaLt^H^x  p=  y=  niny- 


MT  CHHMH^aeTCfl  flo  60...  100  c,  b  to  upeMa  KaK  TenJioaKKywyBHpywmHe  raaopeaKXHBHue 
KIO  Ha  iijjoTC  Oy^iyT  HMexi.  d  3tom  cjiyuae  yAejii-iiLiii  HMiiyjifcC.  1 10...  120  c,  rio'^TOMy  Ha 
ease  314  KIO  npeACTaBjffleTcfl  botmo^hbim  cowits  Ana  KA  c  AnnTe.nhHhiMii  cpoKawH 
aKTMBHom  cyuiecrBouaHHfl  rn6pnAHyio  ohctcmy  opdCHTomni  h  cTu6iinii3aunn,  y 
KpTopoii  iia  .5i'ai'ie  nuBeAennfl  KA  ABHraTejiii  paeoxajor  b  HenpepwBHbix  mu 
MMFiyjibciiBix  peMKHMax  Ha  rHApaainie  c  yAeBbHWMM  HMiiyjrbcaMH  150... 200  c,  a  Ha  axane 
uiTaxHOfi  3KcnJiyaTa4nn  -  u  pejKHMax  OAHHoaHbix  jJKJiioacHHH  hb  rase, 
HCrioab3yk)iueMca  B  CHCxcMe  naAByna  j'MApaaHHOBbix  GaKOB  hjih  b  KoppcKXMpyiOu^HX  h 
MapiiieBbix  ABHra'ienax  KA. 

IIiPcneAHHll  CAynaii  GyAex  iiMext  mccto  ripa  HcnojibSOBaHUM  b  cocraBo  4^ 
SAeKTpopftaKTMBHWx  ABMraxcjicH,  paGoxaiomHX  nn  Kcenoiie  luni  iia  Apynix 
ra3006pa'3HWX  paSoniix  xe^'nax.  B  xaxHx  o6BeAHHeHHbix  4^  noaBAaiorca  bo3Mo>khoctji 
cyiACCT'BfiiHHb  vBeBH'iMTb  CAC  KA  aa  cyex  chhmcchhh  rupaHXHilHwx  sanacos  pa6o«iero 
xena.  BpifbuiMM  npenMyrnecTBUM  oGb&AMHeHHWx  JXV  flBASexcfl  to,  hto  b  CAymic 
BbixoAa  1133  crpoH  3P4  KoppcKuiin  hah  ©ro  cacxeM  .iAeKxponiriaHHB  w  ynpaBAenns, 
aanac  eiw)  paSodero  totb  Moixer  Gbixb  HcnoAtsoBaH  aaa  MaHCBpoti  KA  c  noMOUibio 
ABHraxeAieM  COC.  3x0  hosboaht  HaiiGoAee  hoaho  HcnojibSOBarb  ^jyHKAnonaAbHwe 
B03MO)KHOCXH  KA  B  COOXBeXCTByjOIAHX  aBilpMilHblX  CHXyaAHHX. 

3TMrA  KlOP  c  HAaBHbiM  peryAMpoDaHHew  thxii  b  AHanaxoHC  5,. .50  mH 

n|3aKTHA«CKH  H©  HMeiOT  KOIlKypeKTOB  B  CHCXCMBX  oSecneACHHA  yCJlOBHH 

MMKporpABHXaqiiH  na  Gopxy  OKC,  KOXAa  na-sa  orpaHHHyHMii  ypoBeHb 

3Hepron(|>xpe6AeHMA  npMMeHeHMe  aaa  3thx  ueneli  3P4y  OKasbiaaexcA  iieDosMOKHWM. 

3'i’A4  KIOK  Mojyr  Gbii  b  ncmoAb-joBaHbi  m  b  cocxaBC  ochobhoh  4^  OKC  aaa 
KOMneHcaUHH  ee  asipoAHHaMimecKOro  conpoxuBAewMA.  Tax,  wanpuMep,  saMeHa 
xpaAHUHOHHbfx  peaiicxopKWx  3P4  wa  raaopeaKTHBHwe  AamaxeAH  KIO  Ha  Gopxy 
nepcneKTHBHOtt  OKC  "Freedom",  aaa  KOXOpoW  pa'jpaGoxKy,  Har  oxoBACHHe  h  nocxasKy 
4y  ocytMecxBAaer  ()»HpMa  Me  Donnell  Douglas  Space  Systems,  no3BOJiii.Aa  6bi  na  A»a 
nnpHAK'a  coKpaxHTb  3AeKTpnAecKyto  MoiAHOCxb,  noxpeGAHejvtyK)  3P4  Aaa 
KOMneHcaUHM  aapOAMHaMHHecKoro  conpoxMBAeHHA  OKC.  llpHneM  npH 
McnoAbaOBBHHH  xasooGpasHwx  OTXOAOB  cHCTSMbi  )KH3Heo6ccne‘jeHHA  OKC  h 
hChAPHUuhh^x  MBMnoiioiiTOD  xpaiioiiTiioro  Kpnor©Hiioro  xoriWMwa,  njinnHaTHaMeHHorfi 
AAH  KOCMiiBeCKWA  CyAVHpuil.  i.pWMftHeHlIfi  TOt1flOQHHyMyAHpyjyUW/j  MOAiC(!)HJC3mJlJ  KIO 
f)C06eHHP  CAHJVlipHHlriO,  TSK  KHK  BpCMX  AAfl  HaKOnACHHA  raxooGpasHOfO  paGoHCro 
xena  wo^eex  Gwxb  HcnoAbSOsaHo  h  aah  HaKonAeuHH  xenAa  b  xenAOBOM  aKKyMyAarope 
KIO. 

CpoxBexCTBytoLitHe  yAeAbHbie  iiMnyAhCbi  Ha  axux  raaax  npiiBeACHbi  b  TuGa.  4. 

b!  AaAbHeiiiueM  npH  peuAHSauHH  3KcneAHunii  nocemeHU})  Mapea  m  Jlynw 
rasopeai^xHBHbie  ABW^'axeAH  KIO  Moryx  6bixb  McnoAB30BaHW  aas  puGoxbi  Ha 
axMOc4)e|pHOM  CO2  (Mape)  hah  na  rasax,  noAyneHHbix  113  nynHbix  nopoA- 

Bp  Bcex  yKasaHHbix  Bbiuie  oGaectax  npHMCHCHHA  XAaBKbiMH  ripcHMymecxBaMH 
xaaopeaKTMBHbix  cmcxcm  KIO  ABAAiOTCfl: 

-  BbicoKaa  HaAeiKHOCTb,  GeaonacHocxb  h  npoexora  aKCiiAyaTamin; 

-  OCBOeHHOCXb  xeXHOAOXHH  CepMtlHOrO  M'jrOTOBAeHHM  H,  Kax  CACACTBHe, 

-  HH3Kaa  CTOHMOCXbl 

-  3KOAOrH4eCKaH  AHCTOX*  M  npaKXHHeCKH  HeOrpaHMAeHHblil  epOK  XpaHCHMA  M 
^yHKUHOHHpOBaHMA  B  COCXABe  KA  H  KK  C  AAllxeAbHblMH  CAC.  GAarOAEpA 
HearpeccHBH)  icTH  H  xHMHAecxoii  ctoOkocxh  HHepxHbix  raaoH,  ucuOAbsyeMbix  b 
KanecTBe  paCjpAero  xeAa; 


-  BOSMOKHocTb  nonyijenHa  MHHijMaflbHux  eAHHHHHwx  nMnyjibcoi«  Tarn  iipii  o7AHMHofi 
m  Bocripon3BOAHMocTK  H  yAftHbHOM  MMnyAbce,  na  70...  100  %  upeBbtujawmeM 
yASJibHLik  iJMnyjifcc  xoaoahwx"  coneji; 

-  3Hepron6rpe6jieHHe,  no  aaxpaiaM  MomHOCrn  ne  iipcBwiuajomee  .anepi  onorpcGjieHHe 
rwApasHHOBbix  ABuraxejieH  /lY  COC; 

-  B03M0)K<i0C.Tb  COa^aHHA  OSbeAMHCHHUX  c  3PA  poaKTHbHbix  CHCcm  ynpUBneHHX 
KA,  Hip  n03Bon«eT  cymecTBCHHO  ynpocTiirb  KOHcrpyKiJiHio,  CHH3HTb  waccy  h 
CTopMocr  ;;y,  ye^HHUTh  ea  HaA^iKHocTb  m  ycxoiPinBocrb  »  auupHiiHMx  cHxyauMjix. 


3KcnjiyaTimH3  paapaSoiKH  h  niroToa-treHua  OKK  "OJiiKeji''  b 

cocTase  KA  Fane  ,  "Ajib'raMp",  n  ^p.,  nOATEep;j,MJia 

Bp3MO)KHOCTb  MX  3KCnjjyaTauHH  AO  10-12  Jier  na  Sopxy  KOCMuHecKnx 
aonapaxOB.  3TK;I  K50-I0,1  ptajpaGoxkn  OKE  "<Iaikca"  npoman 
KBaJ3H{l)HKauHK'  Hfl  CAC  10,5  Jiex  B  coexaBo  KA  SESAT  h  HMeex 
B03MO5KH0CXb  6bITb  yBeAI!l<I8J}||UM  flO  15-20  nCT. 

OKB  ’'OaK&n''  cosABH  He  hmbjoiahh  ananoroB  HOBbiii  kaabb 

OAHOKOwnoHeHXHfasx  P^MT  Ten.aoaKKyMyji8TopHoro  xiina, 

AjKxyaAbHWMH  nunflioxcfl  )]po6jieMM  cosAainjii  ruApaaiiHOBbix  h 
raaopeaKXHBHbtx  3P/1,  aqh  nocrpoenHs  HH3Koop6)riaju,iibix  h 
reocxapHOHapHbix  rpyniuipOBOK  HC3,  ynpaBAeniiH  nHJiojHpyeMbiMM  h 
HenMAOTHpyaMbiMii  KA  m  KC  c  hhskhm  ypoBHCM  3nepjoriQxpe6jienns  h 
AJiHxejibHbiMH  CAC,  AB8  oGecneBOHHH  yt'JioBtifi  MHKporpaBnxauHH  na  Sopxy 
oGHxaeMbix  opSnxaAbHbix  cxaHWifl  n  av^poKocMMHac.KHx  chctcm 
MHoroKpaxHoro  ncn0Ab3OBaHHn.  CpoKB  aiauBHoro  (|>yHKAHOnnpoBaMnfl 
xaKHX  KOMSuimpoBaHHUx  COC-l5,..20jiex. 
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Abstract 

The  performance  of  microrocket  engine  KIO  is  discussed  in  this  report.  Said 
thruster  was  developed  at  FAKEL  where  electric  thrusters  covering  thrust  range  from 
IO-»  up  to  ION  have  been  or  are  being  developed  as  well,  intended  for  accurate  attitude 
control  and  orbit  maintenance  functions  of  a  spacecraft. 

Development  of  low  thrust  (several  tenths  or  hundredths  of  a  Newton)  liquid 
propellant  engines  (LTLPE)  is  one  of  the  most  important  task  in  the  propulsion 
technology.  FAKEL  have  been  developing  mono -propel  I  ant  LTLPEs  for  more  than  20 
years  having  succefisfully  covered  such  thrust  range.  These  are  commercial 
electrothermocatalytic  thrusters  KIO,  K.50-10.1  and  Fake!- IN,  number  noncatalytic 
monopropellant  thrusters  and  also  engines  and  smooth  regulation  of  thrust,  KIO  was 
used  as  a  basis  for  development  of  a  new  class  of  mono-propellant  LTLPE  -  remote 
gas-  or  liquid-propellant  heat  accumulating  microrocket  thrustens.  Multiapplication 
LTLPE  KIO  is  manufactured  at  FAKEL  in  three  varianis:  hydrazine 
electrothermocatalytic  thrusters,  gas-propellant  microgravity  thrusters  and  gas- 
prbpellant  heat  accumulating  thrusteis.  Gaseous  propellant  microrocket  variants  are 
designed  for  smooth  thrust  regulation  within  range  10  L.,l0-‘  N  that  would  help  solving 
task  of  providing  the  niicrogravity  conditions  on  board  of  space  vehicles  such  as  the 
Space  Station  MIR  or  the  Space  Shuttle.  Development  of  a  multiapplicaiion  thruster 
KlO  ie  a  new  step  in  FAKEL  strategy.' 

Application  of  the  SPTs  and  the  KlOs  in  small  spacecraft's  orbit  transfer  control 
subsystem  would  improve  its  efficiency,^ 


The  KIO  Thruster 

FAKEL  have  been  promoting  the  R&D  w'ork  on  thermocaialyiic  thrusters  since 
1978,  having  put  the  scientific  basis  under  the  first  national  hydrazine  LTLPE  and  the 
world's  first  serially  produced  thennocatalytic  thruster  with  a  metallic  catalyst. 

Several  operation  process  versions  and  respective  design  options  in  injector, 
catalyst  pack  f  able  heater  and  other  elements  have  been  studied,  most  of  which  are  now 
patented. 

The  fundamental  scientific  problem  was  solved  lying  in  highly  accurate  thrust 
maintenance  with  maximally  effective  limitation  of  thrust  difference  iit  a  thruster  pair 
operating  in  a  spacecraft  attitude  control  and  station-keeping  subsystem  (ACS), 

Further  improvement  of  accuracy,  life  and  regulation  parameters  has  advanced 
the  domestic  TCTs  for  ACS  to  a  level  over  the  best  of  similar  foreign  rnonopropellant 
LTLPT  and  has  resulted  In  new  generation  TCT  with  advanced  mass,  power  and 
dynamic  characteristics  and  lifetime  over  10  years  or  more. 

R&D  on  microrocket  L  tupe  also  produced  a  unique  measurement  and 
diagnostics  setup  reliably  measuring  and  giving  basis  for  forecasts  regarding  thrust, 
dynamics  and  power  characteristics  of  TCT  within  iltrust  range  0...10-2  N,  N 


and  O...IOON.  DGU  and  NPO  GIPH  took  part  in  dyvdopnient  and  application  of 
unique  thfust  stands  lT-3  and  DlT-2  and  the  Design  Bureau  of  the  Gosmetr  Factory  *- 
in  development  and  application  of  quartz  electronic  device  for  simultaneous 
measurement  of  thrust,  thrust  vector,  thrust  difference  and  current  mass. 

By  liiOes  almost  every  task  of  R&D  on  hydrazine  microrocket  engine  with  thrust 
of  up  to  1  N  was  successfully  completed  and  the  K 10  was  flown. 

The  thermocatalytio  hydrazine  thruster  K 10  has  been  intensively  flown  due  to  its 
high  operation  reliability,  lepe/atable  performance  over  the  entire  operational  lifetime 
which  has  been  demonstrated  by  now  as  long  as  K  years.  The  KlOs  have  been  flown  on 
board  of  t^ationat  geostationary  satellites  of  various  appiicatioii,  such  as  KOSMOS, 
I.DCH,  OAlil  and  EXPRf^S,  GLONASS.  Over  2000  K  10s  have  been  ilown  since  that 
time  some  which  9ce  still  operating. 


Fig.l  The  KIO  thruster. 


The  impi'oved  KIO  version  ii  developed  eleciioihcimocaialyiii'.  thruslct 
KSO'IO.  I .  That  thruster  was  qualified  for  an  extended  thrust  range,  its  design  is  suongcr 
and  the  heu^  tosses  are  optimized. 


1  he  K 10  is  shown  ivi  Hg.  I . 

Comnonentsof  thcKlO  and  the  K50-I0.1  arc  siuMvn  in  Fig.  2. 


Fig.  2  Components  of  the  KIO  and  the  K50-10.1 

Characteristics  of  the  K 1 0  and  the  K50*  1 0. 1 
•  The  princl}3al  characteristics  of  the  K 1 0  are  summ arized  in  Table  1 . 


Table  I  The  KIO  Characteristics 


Parameter 

Value 

Nominal  thruot,  N 

0.1 

Specific  impulse  in  steady  state  mode,  N ■'‘sec/kg 

2000... 2 100 

Nominal  propellant  pressure,  at  the  thruster  inlet,  kPa 

172 

Demonstrated  operation  life,  h 

>160 

Operation  reli  bility 

0.999  at  confidence 

Parameter  stability  over  lifetime 

Thrust  reproducibility  at  the  same  inputs  (propellant 

probability  0,8 

<1.5 

tempeiature  and  pressure),  % 

Repeatability  of  thrust  bit  at  the  same  inputs,  % 

<3 

Status 

Flight  usage 

*  The  principal  characteristics  of  the  K50-10. 1  are  summarized  in  Table  2. 

Table  2.  The  K50-10.1  Characteristics 


Parameter 

Value 

Thrust,  mN 

530-96 

Propellant  inlet  pressure,  kPa 

853...  206 

Povver  con.sumption  in  heat  stabilization  mode.  W 
Demonstrated  operation  life; 

5 

Firings  number  pulse 

Propellant  used,  kg 

20 

Heater  In  stabilization  mode,  year 

10 

Mass,  kg 

0.07 

Statirs 

Commercial  production 

f 


The  K. 50- 10.1  has  completed  the  qualification  and  is  being  used  in  the 
intciiiallunal  projcti  SESAT. 


The  K  iOP  and  K I  OK  —  a  modificatioit^  ortkc.KJO 

The  KlOP  thruster  is  designed  for  maintaining  microgravity  conditions  on  board 
of  manned  space  stations  and  support  space  vehicles  and  operates  in  thrust  range  iO' 
'..■10  ^  N  ftt  power  consumption  5-10  W. 

Thrust  (T)  of  the  KlOP  on  gas  propellant  depends  on  options  and  is  calculated 
using  the  following  formula:: 

T{mN]=(6...60)*Pin  [atuj.  , 
wheie  Pin  -  gas  pressure  at  the  thruster  Inlet. 

Below  50  mN,  the  thrust  can  be  continuously  regulated  by  heating  the  gas  with 
the  standard  electric  heater  both  at  the  nozzle  and  the  tliruster  inlet.  Fig.  3  shows  an 
example  of  regulation  of  twin-level  modification  of  the  KlOP  on  nitrogen  at  constant 
inlet  pressure  2,4‘‘‘10'’  Pa. 


Fig.  3  KlOP  Regulation. 


Here  "i"  is  number  of  regulation  level,  Tk  -  gas  heating  temperature  and  lin 
gas  temperature  at  the  thruster  inlet. 

Operating  with  a  iioncondensing-gas  in  steady  state  mode,  the  specific  intpulse  of 
both  the  KlOP  and  the  KICK  is  calculated  using  the  following  formula 


where  Kt  and  Kf  are  thrust  factor  and  flow  rate  constant  respectively,  both  depending 
on  the  gas  choice. 

For  imstanoe,  the  specific  impulse  with  nitrogen  is 

JspKj,  =  40.9  /Tk  ,  [N  •  sec/k  gj j 


At  costs  of  power  of  heating  of  gas  in  the  chamber  KlOP  and 
8  W  and  microthrusts  up  to  50  mH  specific  impulse  on  nitrogen  will 


KICK  from  3  up 
make  900...  1100 


to 


H.c/kgs. 


Experiments  with  the  KlOK  have  demonstrated  tliat  the  specific  impulse  of  the 
K  lOP  and  the  K I  OK  operating  on  condensing  gases  is  close  to  the  level  characteristic 
for  the  equilibrium  flow,  In  particular,  on  Xe,  the  KlOK  demonstrated  the  specific 
impulse  derived  u^>ihg  the  followitig 

Jspxe  =36  +  0.025  (6^  273), (see], 

Due  to  that,  the  specific  impulse  is  higher  by  30%  at  low  temperature  than  if 
calculated  by  the  formula  (1).  At  temperature  Tk-450‘‘C,  specific  Impulse  of  the  KIO  on 
Xe  is  5%  higher  than  calculated  by  the  formula  (1). 

However,  notwithstanding  that  the  specific  impulses  differ  in  more  than  two 
times,  re.lfltivft  impulse,  operaling  on  Xe  or  nitrogen  are  close  to  each  other  due  to  much 
Itighcr  density  ofXe.  Comparing  the  lulal  impulse  3lot  with  total  mass  of  vessel  Mb 
and  gas  Mg  which  are  Ihtf^jpiincipal  portion  of  a  propulsion  subsystem  mass,  it  makes 
for  nitrogen 

Jn^  =  J^/(M,  +  =  410...450H-c/Kr. 

and  for  Xe  at  the  optimal  vessel  pressure  120-10^  Pa 

Jn,  =  J.,/(Mo  +  M,;,)  =  390,..430Hc/ki- 

From  this  point  of  view,  some  attention  is  deserved  by  the  KlOP  propulsion 
subsystems  on  ammonia  or  water  which  can  be  stored  as  liquid. 

Description  of  the  KlOP. 

The  principal  difference  of  the  suggested  thermal  thrust  regulation  from  the 
coiivenlional  melltods  is  that  the  thrust  is  regulated  at  the  constant  temperature  at  the 
thruster  intake  with  no  flow  throttling,  by  only  changing  gas  dynamks  ut  the  constant 
flow  rale  through  nozzle. 

The  KlOP  design  Is  actually  nearly  identical  to  the  KIO  design.  The  difference  is 
in  exchangeable  injectors,  which  passage  cross  section  is  selected  so  that  to  provide  the 
critical  pressure  drop. 


KlOP  Performance  on  Xe,  nitrogen 


Parameter 

Value 

Propellant 

Xe.Ni 

Thrust,  m'N 

)-l() 

Heater  lifetime,  hour 

>100000 

Power  consumption,  W 

5-10 

Status 

Oualification 

Flectrothermal  Heat  Aocumulaimg  K-IQK  Thriistgi  of  the  KIO 

Experiments  demonstrated  that  the  K 1 0  concept  with  catalytic  decomposition  of 
monopropellant  can  be  used  unchanged  in  an  attitude  control  and  station-keeping 
slibsyslem  uf  msw,  heat  Awumulating,  type.  The  world's  first  heat  accunuilating  thrur.tar 
was  built  in  1993  at  FAKEL  on  basis  of  the  commercial  KIO  for  usage  m  an  mtegmted 
propulsion  subsystem  on  Xe  for  the  international  space  propulsion  pioject  TOPAZ. 

The  demottstration  test  thruster  revealed  that  it  can  operate  on  nearly  any  gas 

consuming-power  at  a  level  by  one  or  two  orders  of  value  lower  than  conventional 

resistojet. 


H  J  .ccumuktlng  thruslw  is  the  most  efficient  in  spacecraft  cotittol 

Whicil  ihruslei  noniially  operate  in  iiiojes  «ill,  la.B«  7  ““  a 

^D'lcecrafl  attitude  control  and  station-keeping  subsystems.  In  such  f 

•4ld"  nozzle  with  a  heated,  heat  ““‘•"’"'‘’"."e  3^  %  W  an^Ldule 

SaTuutntg  ,hru.te?c»r,  operate  with  hcnc  -off.  prod.wlng  . . . .  id. 

impulse  as  a  cold  nozzle. 

In  ilfeat  accumulating  mode  with  Iteater  "on"  (catalyst  pack  replaced  with  a 
stainlcsl  steel  pack),  the  K 10  modification  operates  in  pulsed  mode 

*  ii'ifiAtir'  Ojirh  thrusters  can  operate  using  neatly  any  gas  oi  Uquia 

component  of  rocket  propellant). 

Description  of  the  K  l  OK 

The  KlOK  is  pictured  in  Fig.4 


Pmc.  4  The  ETAT  KlOK 

1 .  vnlvet  2-  feed  tulie;  3-  (Itthge;  4-  propellent  pMh  cotmeaiott;  5-  ekctricnl 

cable  to  pressuresensor;  7  ‘  amoduleKl  OK.  ,  ,  „ 

The  KlOK  consists  of  chamber,  electric  heater,  nozzle  and  vacuum  insu 
Heat  a— lalg  porous  element  Is  located  inside  the  chambet. 

KlOK  Performance 

The  principal  charaoterislte  of  the  ETAT  K  lOK  are  sun.n.arized  in  Table  3 

Table  3.  The  principal  performance  characteristies  of  the  K I  OK  on  hydt  ogen. 

ammonia  and  nitrogen  . . - — — ~ — i 

- - - - —  Note  1 


Parameter 

Thrust,  mN  ^ 

Power  consumption,  W 
Th|ust)i''-  mass,  kg 
Thrust  ‘cost,  W^N 
Spi?cific  thruster  mass,  kgtTSJ 
Useful  capacity  of  heat 

accumulator,  k.I 

Specific  impulse,  sec 


Value 

100-1000 

7. . .15 
0.2. ..0.3 

10..  .14 
0.5 

up  to  3.2 


Mass  with  single  or  two  valves 

At  the  initial  tempci  atuie  up  to 
600°C 

Depends  on  pulse  width  ratio 


Parameter 

Value 

Note 

on  hydrogen 

.300...  500 
(•>1700W/N) 

Thrust  cost  in 

on  ammori^ti  gas 

100...  200 
(>700  W/N) 

brackets  refers  to  conventional 

on  nitrogen 

60...  120 
(>600  W/N) 

resistojets  in  maximal  specific 

on  xenon 

30, -.50 
(>230  W/N) 

impulse  mode 

*  K I  OKs  are  being  purchased  by  leading  US  and  European  companies  for 
performance  evaluation  and  application  in  future  projects. 

The  KlOK  can  be  utilized  at  thrust  over  50  mN.  The  KlOK  is  especially  efficient 
in  single  firing  mode  and  in  modes  with  large  pulse  width  ratio.  The  respective  curve.s  of 
specific  impulse  in  single  firing  mode  vs.  unit  thrust  impulse  on  Xe  is  shown  in  Fig.  5, 


Fig.  5  The  respective  curves  of  specific  impulse  in  single  firing  nu>de  vs,  unit  thrust 
impulse  on  Xe 

Specific  impulse  on  ^e  in  pulsed  mode,  depending  on  pulse  width  ration  and  the 
thruster  inlet^uessure  is  shown  in  Fig.  6. 


Fig.  6  Specific  impulse  of  KTAT  K  lOK  in  pulsed  mode 

In  noii'Sleady  state  mode,  specific  impulse  of  the  K  lOK.  is  higher  than  In  steady 
state  mode. 

The  K  lOK  thrust  bit  is  determined  by  the  dynamic  parameters  of  its  valve  and  at 
lt,ii>0.05  sec  it  is: 

Ji[mN*sec]  =  (tBKA  +  0.0015/tbit).(6-.-b0)‘*‘  Pin  [ata]. 

An  experimental  test  has  been  accomplished  with  tlie  KlOK  in 
Pulse  width^  ratios  were  as  follows  (on  tinie/off  time);  0.05  sec/0.95  sec  and 
0  1  sec/2.0  sec.  The  propellant  pressure  was  dropping  with  the 

...  1 3  V).  Number  of  firings  in  each  mode  was  limited  by  minima 
pressure.  Reproducibility  of  a  thrust  bit  was  evaluated  by  the  equivalent  fi.  ing  time. 


rne  Pk  ;^as  pressure  at  the  nozzle  inlet. 

Reproducibility  of  the  thrutl  bit  wm  witliin  measurement  error.  The  thrust  bit 
does  not  depend  on  firing  serial  number. 

Expected  specific  impulse  of  the  KlOK  using  some  gases  available  on  board  of  a 
space  station  is  summarized  In  Table  4. 


Fipure  Attplicatipm 


Future  modifications  of  the  KIO  are  primarily  associated  with  missile 
conversion,  development  of  small  spacecraft  market,  extension  of  spaci.ci  aft  life, 


application  of  new  apace  tcclmologica  requiring  microgruvi.y  condition*  on  board  of 

space  station.  ,  , 

Low  orbits  and  low  spacecraft  mass  stimulate  using  a  highly  efficient  KIO  with 

its  low  power  consumption.  ^ 

Thus  it  is  necessary  to  mean,  that  per  the  nearest  years  tens  LEO-constellations 
will  be  developed  numbering  in  aggregate  many  hundreds  telecomnunucation  sate  les. 

viriuaUy  without  adding  nnass  and  r^pacrivulyl^^^^^^^ 

Besidts,  esionding  spacucian  life  up  ptonulsion  suhsyste.ins 

even  more  aliracllva  as  atll  ude  com  ol  I„  such  modes 

normally  operate  in  shorl^p^sa^^^^^^^^^^ 

manner  ili  respective  failure  modes. 

viru.a,.^^"oc:rpetrr;;r^^^ 

unaccepti^blo  duo  to  power  limitation. 

KlOK  can  be  utilized  in  primary  propulsion  to  compensate  for  the  aerodynamic 
drag.  Replacing  conventional  resistojets  with  KlOs  on  the  future  space  station  Freedom, 
propulsion  for  which  is  developed,  manufactured  and  delivered  by  the  Me  Donnel 
Douglas  Space  Systems,  would  out  the  power  consumed  by  the  electric  propulsion  to 
compensate  for  drag  by  Iwo  orders  of  value. 

The  rospective  specific  impulses  are  discusses  in  Tabic  4. 

In  rolssiorw  to  Mars  and  Moon,  the  KIO  can  operate  on  atmospheric  COi  (on 

Mars)  L  propellant  or  on  gases  produced  from  soil  on  the  Moon 

In  all  above  applications,  the  principal  advanieges  of  the  KIO  ate  as  follows. 

-  High  reliability,  safety  and  simplicity; 

•  -  Mature  technology;  ai>d>  a®  ®  consequence, 

’  toCal  clesnlhtess  and  virtually  unlimited  storage  and  operation  life  on  board  of 

spacecraft  due  to  inert  propellant, 


-  Ability  to  produce  minimal  thrust  bits  at  an  excellent  reproducibility  and  specific 
impulse  70...  100%  higher  than  that  of  "cold"  nozzle  systems; 

-  Power  consumption  at  the  level  of  attitude  control  and  station-keeping  hydrazine 
propulsion; 

-  Capability  of  development  of  integrated  propulsion  subsystems  with  electric 
propulsion  that  would  simplify  design,  save  propulsion  mass  and  cost  and  improve  its 
reliability  and  failure  resistance. 

C-onclusioti 

•  Applications  of  the  FAKEL's  LTLPB  on  spacecraft  GALS,  LUCH,  ALTAIR, 
GLONASS  and  others  have  demonstrated  its  onboard  life  capability  of  up  to 
10-12  years.  The  FAKEL's  K50-10.1  has  been  qualified  for  spacecraft  SESAT 
with  onboard  life  of  10.5  year  and  option  to  extend  it  up  to  15-20  years. 

•  FAKEL  have  developed  a  unique  multi-propellant  heat  accumulating 
LTLPE. 

•  Several  tasks  are  envisioned,  such  as  development  of  hydrazine  and  gas 
electric  propulsion  for  low  orbit  or  geostationary  satellite  constellations, 
control  of  both  manned  and  unmanned  space  vehicles  with  low  power  and 
long  life,  microgravity  onboard  of  manned  space  station  or  reusable  space 
vehicles.  Oper^i/jional  life  of  such  integrated  propulsion  subsystems  would  be 
15...  20  years. 
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npH  HccaeaoBai’eaiiCKMX  McnaiTaHiiax  ctauHOHapHoro  naasMeHHoro  ^tBHr'areaa  M-35 
patoiouiero  Ha  KcenoHe,  npoAeMOHCTpapoBana  ero  paGorocnocoOHocxb  npn  MomHocrax  ox  150 
ao  350  Bt  HanpHMep,  npa  HanpaxceHai,  paipaaa  200  B  a  toko  paapnaa  1  A  xxra  aBHraxeax  6biaa 
paBiia  1,35  rc  npa  K.n.a.  36%  (6e3  ynexa  noxepb  b  Kaxoae  h  KaxyiuKax  HaMarHiawBaHHa). 
liapaMeipbi  M-3?,  BOpoxTHO,  Moryr  firaxh  ynyHiaeiibi  38  CKex  aajii.TieftiTren  onTHMHsaumi 
MarHMTHOft  CHCxeMM.  An»  noBbittieuM  a^j^ieaxaBHocwi  aBiiraxeaa  npH  xoicax  paapaaa  Menee  1  A 
HeooxoaHMa  paapaSoxKa  boaee  3KOHOMHHHoro  Kaxoaa-KOMneHCfiTopa. 

BBeaerme 


OHHHM  I!3  CODpOMCllHbIX  HflnpflBJlCHIlfi  paSBHTIfff  KOCKuihbokojS  XOXHHKH  SBaxeTCX 
MHHHaxK)pH3aiiHx  KA.  CooTBeTOTBeHHO.  annapaxhi,  nna  Kfixophor  KoppeirrapoBKa 

niifim,  aniiiKHK.  fihn  i.  orwRuwiti  n«ponoKTUDHUM  am  ^Tofi  nenn 

Ay  Ha  base  CITA.  ABH^^nxean  axoro  xjMna  hmcjot  xopomne  peryanpoBOMHbie  xapaKxepHCXHKH, 
BbicoKHfi  yaeabHbifi  HMnyabc  h  K.n.a.  Mouinocrb  aHepreriPWOKiix  ycxaiionoK  iwanwx  KA 
yipaHH4eHa  ypoBHeM  b  hcckojibko  cot  M'n,  uooiBexcxBCHHo  ManoU  aon>KHa  Sbixb  moiuhocxb  AV 

II  ainiroTann 


OKB  “OaKeji"  (r.KariHHHHrpiaa,  Pocchh)  paapaSoTan  pHa  aBuraxejiLHbix  ycxaHOBOK 
(Ay)  Ha  Base  CTaiiHOHapHBix  luiaaMeHHHX  aBHraTeaeii  (CJIA)  /ma  KocMHHecKHX  anna- 
paxoB  (KA)  paajiHHHoro  HasHaqeHHH^’^.  B  hhx  HcnoataoBaH  paa  COA:  M50,  M70  m 
Ml 00  (HHcjipbi  o6o3HaaaK)T  napyacHbiM  awaMerp  paapaanoH  KaMepti),  KOTOpJbie  nepe- 
KpbiBaioT  aHanaaoH  MomnocTM  ox  0,3  ao  1,5  kBx. 

npH  aaaaHHOH  moihhocxh  BosMoacHbi  aea  BapHanxa  onxHMwaaiiHH  CDA  paajiHXHOH 

MBKCHMOJIbHOfi  I'flrH  HJIH  puOoXa  C  MBKOHMHJIbllO  DOBMOXUlblM  yaCJIbHblM  IIMnyUbCOM  H  K.H.a.  B 
nppBOM  rnywap!  npeannnrHTpiiPH  MuiKOBOnf.xHMft  ppmcmm  p  waapsapHueM  okojio 

160  B,  AIM  KOToporo  HeoOxoauM:  yBeaHaeHHwfi  pacxoa  naasMooSpaiyiomero  rasa,  a 
cneaoBaxenbHO  6onbuinfi  ero  sanac.  Ha  BbicoKOBOjibXHOM  peM<HMe  c  iianpxiKeHHeM  paapxaa  okojio 
300  B  saMeiHO  yMeHbmaioxca  sanacw  pabonero  xeaa. 

PaspaSoxaHHbifl  MoayJib  M3  5  nepeicpbiBaex  aHanasoH  Momnocxeli  ox  150  ao  350  Bx. 

Annapaxvpa  a  MexoanKa  npoBeiteHtix  HccnenobaHiili 

CHA  M-35  HMca  Hapy»HMfi  aiiaMexp  AHOJicKipimecKofi  raiopaapaaHofi  xaMepbi  (FPK) 
paBHbifi  35  MM,  B  ee  rayOwHe  6bia  pacnojioiKeH  aHoa-raaopacnpeaeaHxeab.  MarHJixHaa  cKcxeMa 
OOAopMiOltl  UHy'i'pnHiiKiH.1  .11  Ha|jy;iii4yH)  KiiryiijKii  MiiMiinii'mMRMNiiH,  a  HHyrpENHia'i  ii 

HapyxcHbifi  MarHHTHwc  uojiKiCft,  KOTopue  6LiaH  pacnoaoxenbi  cpesa  FPIC.  llapywHUii 

nojivac  M&r  H6p&Mem«Hej!  e  ocodom  nnnpoDaoiiiiu  no  podlSo,  >ito  noauojmao  iiDMiniiTi. 

KOH4»HrypauHK)  MarnnTHoro  nonx  b  FPK.  AaMraxejib  6bui  yKOMiixeKxoBaH  aayMX  ruiasMeHUbiMH 
KaxoaaMH-KOMneHcaxopaMH  KH-5A.  pacnojioweHHbiMii  c  aayx  cxopon  ox  aMoaHoro  6aoKa. 
OGianfl  BHA  CnA  M-35  noKasan  Ha  piic.l . 


CxeMa  ajieKxponOTaHiM  fl.mraTcm  HaoSpaJKena  aa  pHC,2,  r^e  ycjioEHO  noKaaaH  oahh  ketoa- 
KOMneHcarop.  HaE;aji  Karova  ocymecxBjwiCA  ox  HCxonHUKa  tokb  Ehk.  MomHocxt  waKajia  KaxoAa 
Dhuia  OKOAO  80  Bt,  a  BpeMH  Harpesa  160  c.  rioAMwii-  paspsAa  »  KatOAe  nponcxoAHa  o’l- 
pcry/i.ipycMoro  HoxouHHKa  Hanpfl)K«HM  En,  Koxoptjft  xaKJKC  HcnojiwoAajicH  ww  noAAep>Kamw 
AonoAHHxe/ibHoro  paspaAa  aa  noA«HrHoft  wiCKXpOA  KaxoAu-KOMneHcaTopa.  B  Aemi  iicxoMHUKa  En 
6fcm  ycTBHOBAeH  orpaHH*;[HBaK)i]aHii  toK  peocrax  Rl.  HHnpnHpoBaHHa  paipaAa  b  A«nraTeae 
nanpaA<eHHe:  En  noAHHMaAocfc  ao  300  B,  a  sarcM  noHHavaAoct.  KaxyniKw  HaMarmwnBaHtw  6wah 
noAK-JisoHeHu  K  anTOHOMHBiM  HCTOHUnKaM  TOKa  Ekb  h  Ekh.  B  nenn  ncxoAHHKa  nnxamix  paapaAa 
Ep  6w)!  ycTaHOBn<iH  4)Hni>xp,  coAepxamnfi  A|>occenb  L,  peancxop  R2  h  KonneHcaxop  C,  a  laxace 
OaaAacxHoe  IconpdxHBaeHHe  R3,  napajmeiitHo  Koropowy  Own  noAKJnoneH  BbitouoHarcAb  T.  B 
iiCTonHHK  Eij  Gbijja  uevpoeMa  TOKonaH  oomuxa,  oxicjncnajoittaji  mctoahjik  npn  lOKe  paspaAft  pojiee 
3  A. 


Pi»r'  ?  r.vawB  anfis'ni»naTanna 


B  aHOA  H  OAMH  m  KaTOAOB-KOMneHcaiopoB  pa3AejibHo  noAaBanca,  peryjiHpOBajica  h 

H3Mcpajic«  paoxoAKCCHOHa. 

IlcojieAODa’HiH  npoBOAiiniioi,  ua  oTciifle  o  AunMerpoM  uaKyyMHoft  Kawcpbi  0,9  m  h  Annnofi 
pa5o'iero  OTiieKJii  2,5  M.  OiKaHKa  Bf.TnonHflJioch  AH(})f})y.3MOJiHhiMn  najinMaciiHHWMn  HacocaMn  c 
oOiAefi  6bic'ipOTOi1  OTKauKH  20.000  Ji/c  no  BOJflyxy.  FIpw  4;yHKu,MOMHpcii}aHMH  M  35  AanneHiie  b 

BaKyyMHofl  creiiAa  hu  iip^jBbiiuajio  1,2*10'^  mm  pr.  ui.  b  lu^KHianHHx  BaKyywMexpa, 

nporpasjaipoBBHHoro  no  Boa^yxy.  Ctcha  MMeji  ycrpoftciBO  am  MSMepeunn  larn  ABuraxens  b 
Aiinnnsoiie  0i  5  rc.  norpeTiinocTfc  rnroMepa  fiutitt  ha  fionaB  2,5%. 

HoHHfrvft  TOK  (li)  ABHraxejw  jiawepHaca  na  KOJuieKxop  6i>Jibmt>ro  pa'iMcpa,  Koxopufi 
pacnono3KCH;  b  nepeAnefi  nonyc^^iepe  ABHt'aTejw,  noreHiman  KonneKXopa  6b>iji  HH)Ke  noxenAnana 
KaioAa.  npHlHSMepoHWHx  KaxoA-KOMneHcarop  AonojiHuxe/ibHo  noAorpeBajicjs. 

npH  f^aSoxe  ABuraTejw  b  iienw  KOHAencaxopa  C  MSwepajjacB  nepeMenjiaa  cocxtiMjjflKnuaa 
TOKa  paapaAiji  (•'Ip). 


PeavjiBTaxBi  HcnbixaHHfi  ii  hx  o6oy>Kj3eHne 


ripH  sanyCKe  ABwraTeJia  C  npeABapiixexiivHO  BKiBCtMenHBiMH  nc'iftMHTfKaMH  Rkb  h  Rkh,  khk 
npaaimo,  npOMCXOAHAO  aasKHrauHe  paapXAa  b  wenii  noAxiw™  Ses  BosHUKHOBenna  ochobhoxo 
paipJiAa  B  amoAHOM  6AOKe.  3to  OKaiaAOCt  CBSf'jaHHtiM  o  orpann  .’hhpm  noABHaaiocTH  ^AaKTpoHOH 
B  MarHHTHOiyr  none,  KOTOpoe  npetiHTCTBOsajio  wx  npoHHKHOBeniiO  b  nonocxi.  FPK  h  paasHTino  xan 
paapflAa-  ITo^TOMy  npn  BKniOHeHHH  ABHraxejia  HCnoni.30BajTC«  ajiropuTM,  KOiopbitt  npeAcxaisjiHJi 
co(>oft  ynp^menHyjo  npopcAypy,  nsnowieHHj'io  b  IIaTeHTe^  Oji  aaKJnonanca  b  c;ieA}TOineM.  flpH 
pasoMKHyxPM  BWKjnonaxeAe  T,  hoabwhom  pacxoAe  KceHona  n  BbiKmonenabix  HCTOHHWKax  Ekb  h 
Ekh  ox  HoxonHHKa  Ehk  nporpoBanca  KaxoA.  SareM  BKJuonaAHCb  McxonHUKH  En  h  Ep.  Ilpii 
BOSHHKHOBepHH  OCHOBHOXO  pBTtpaA.a,  TOK  KOTOpOXO  6bUl  OrpaHWHeH  COnpOTHBJieHHeM  R3, 
BKinouaJiHOB!  hctomkhkm  Ekb  h  Ekh,  a  aarsM  aaMbiKanca  BbiKjno'xaxejib  T  m  BbiKjnoqajiiicb 
hctO'ihukh  Ehk  h  En.  TaKofl  cnocoO  oOecnennBaji  BWCOKyio  HaAcaaiooxb  aanycaa  ABHxaxens  m 

peajinaOBBH  nppcxbiMn  xexHMHecKHMn  cpeACTsaMn. 

OnTHb^HsanHH  MarniiTHoro  noM  BbinonHanacb  nyxcM  MaMeHCHiia  BsaiiMHOxo  pacHonoaccHna 
nomocoB  n  iionOopa  coHexaHHa  tokob  b  KaxyuiKax,  npn  Koropbix  xok  pajpaAa  (Ip)  flocxHXM 
MHHHMyMa,  npM  pacnojioaceHHWjnojnocoB  b  oahoA  nnocKoc™  lunpuna  iiokckob  lOHoca  cxenoK 
rPK  6i>ma  ;6oAbjAe  na  BH)npeHHeft  cxeHKe.  IIpii  cwemeHHH  Hapyamoro  nojnoca  &  cxopony  anoAa 
lUHpHHa  noBCKoi;>H3Hoca  BbipoBiwnacb,  hto  Aaex  npeAnocbuiKH  k  AocxaTOHno  BWCoKOMy  pecypcy 
anoAHOio  SnoKa. 

npn  Ipex  ypOBHBX  HanpaBcenHW  paspana  (Up)  Sbuio  nonyneno  necKOBbKO  peaoiMOB  c 
onxMMHanppBaHHbiMH  TOKaMH  HaMarnuMHBaHHa.  B  katoa  noAaBanca  pacxoA  oKoao  0,2  mx/c  h  oh 
AonojiHHxeABHO  noAorpesanca  tokom  paspana  b  nerm  noA^ura  0,5  A  npn  1.0<Ip<1.2  A  h  tokom 
0.75  A  npn  Ip<1.0  A.  PeBynbraTbi  nsMepeHHft  n  nx  o6pa6o'fKa  cseAewti  b  xaSnimy. 


OcHOBHwe  napaweipt)  ^^BlII'aTenB  M-35 
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Kpo^^e  yj<aiaHHwx  BMuie  o6o3Ha‘ienHtti,  b  taSjiwue  i'icno;ji.30BaHbi  cjic^yiowHe: 

Np  H  MouiHOCTb  paip^A^;  Nn  -  MomnocTb  flonoJiHHtejibHoro  paapaAa  b  uena  noA^nra;  F  ^ 
xara;  Ga  i  iaHOAHbifi  pacxoA;  Kn/^a  -  K.n.A.  6e3  y^iexa  KaroAHoro  pacxoAa,  noTcpt  b  Karyumax 
uaManiH'iffBaHHA  h  Nnj  KFI^m  -  K.n.A<  c  yneToivi  Nn  h  KaioAHoto  pacxoAa,  ho  6o3  yiexa  noxcpb 
KatyiuKaxj  Ja  -  yAejibHwfi  lawnyAbc  6e3  yiexa  KaxoAHoro  pacKOAa,  a  Jm  *  o  y^iexoM  nocAOAHcro. 

Ilpi^  OUCHKC  HHTcrpaAbHux  napaMexpoB  noxcpii  u  KaryiuKax  HaMarHHAHaaHHa  He 
yiHXbiBaaucb,  tax  Kax  MaxHuxHaH  CHCxeMa  M'35  xpeGyer  Aa'ibHofimett  onmMMsauHH. 

Hs  ITpaACXaBA6HHbTX  AaHliBnC  BHAHO,  BXO  ABHraxeJlb  M-35  HOpMBJIbHO  4^yHKHHOHHpyeX  B 
UIHPOKHX  Anana30Hax  paxpaAHbix  HanpaxceHuft  h  tokob.  Y  Hero  OKasaknacb  AocxaroMHo  sucoKaa 
cxorieHb  noHi'isa^^iH  KccHOHa  II  iipHeMJjeMoe  oxHomeHiie  hohhoxo  tokb  k  xoxy  paspHAa  (IFIp). 
rioKa-iaHO;  wo  ayxjieKTHBHOCXb  ABUraxeaa  cymecxBCHHO  yxyAumexca  sa  cmct  iiapaMexpou  KaxoAa 
KH-5A,  KoxopoMy  hcoGxoahm  pacxoA>  C0H3MepMMbifi  c  noAaBaeMbiM  b  aHOAHbifi  Gjiok,  h 
AonoAHHT^AbHbiit  noAorpcB  npH  Ip<l  .2  A.  rioaxoMy  aha  Ciy],  Maaofi  moiahocxh  xpcGyexca  KaxoA- 
KOMiieHcaxop  c  paSoHHM  TOKOM  0,5- 1, 5  A  M  KaxOAHWM  pacxoAOM  He  Gojiee  0,1  mf/c. 


^Jia  npOUepKH  BJIHHHHH  X'OKB  B  KBiyiUKax  MaMarUHHHBaHHK  Ha  napaMCXpbl  6bin  npOBCACH 
aKCnepHM^HX,  B  KOTOpoM  icaxyiuKM  Gbmii  coeAiiHCHw  nocHeAOBaxejibHo.  IloAyHeHHwe  npM  axow 
saBHCHMooTH  Ip,  li,  F,  -Ip  H  Kn,I^a  OT  TOKa  B  KaxyiAKax  (Ik)  noKa^aHw  na  pHc.3.  Kax  cACAyer  ms 
rpa(})HKa,  iBO  BceM  AManasoHe  peryAMpoBaiHiix  xoxa  HaMarHimubanHJi  uoHHWii  xok  h  xara 
ABHraieAB  nowH  ne  mmmnmb.  ripn  yMeubmeHnii  Ik  poc  xok  paspsAa,  mxo  cBasano  c 
BojpacxaHHCM  aoah  3AeKxpoHHoro  xoKa  h  KoaeGaHHfi  xoKa  paspHAa  (-Ip).  npH  toko  Ik  6oAee  2,5 
A  K.n.A.  !|  AooTiiraA  MaKCHwajubHoro  sHaMenHa,  a  Bce  yKasanHwe  uwme  napaMeipw 
cTaCHAH'SHpOBaAHcb.  Oahbko,  npw  raxoM  xoxe  naMarHHHHBaHMa  npoHcxoiuiA  neperpcB  Kaxynicx, 
nosxoMy  H|»  KaacAOM  onxiiMnanpoBaHHOM  psHCHMe  (BXJnoHaA  npHBeAeHHbic  b  xaSA.)  ABHraxeab 
paGoxaa  ho  Ooacc  5  MHHyx. 


II 
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Pmc  3.  BnuflHMe  TOKa  a  KarytuKax  na  napaMaipbt  npH 
Up!=200  B.  Ga=0,97  Mr/c 

Ilpla  CHHTHH  BOJlbT-aMnepHOfi  XfipaKTepHC'l HKM  TOK  B  KaTyUlKaX  HaMarMTlMUPaHHa 

panHUM  1,75  A,  hto  iiCKnio'iaJio  ux  neperpaii.  SaBHCHMocxb  o^bhwx 
napaMex^JOB  ox  paapflAHoro  nanpflJKeHHfl  npii  riocxoaiiHOM  pacxoAc  b  uhoa  (Oa-u.^b  mfh.) 
noKa^anil  m  pnc.4  Bwxoa  hchhoxo  tokb  na  HacwmeuHe  npii  Up>14()  B  CBHAeiejibCTQyeT  o 

nOCTUTO^lHO  3[bcbeKTHBHO«  KCCHOHa  B  pajpHAHOil  KaMepe.  HeKOTOptlH  pocx 

pa^pVlHdro  TOKa  npii  Up>200  B  CBaaaw  c  yBeiuiMenHeM  aJieKxpoHHoro  xoKa,  KoxopuH 
Moacex  6t!Tb  {weHWiieH  nyxcM  onxHMHaauMH  MaiHHTHoro  hojjh.  Ma  pi)c.4  bhaho,  <no  M-3S 
MOIKCT  p460Ta'Tb  B  luMpoKOM  AHana-Joiie  paapaAHWX  niinpa)KeBHM-  ^  _ 
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PHC.4  SaBMCMMOCTb  OCHO0HUX  napBMOTpOB  OT  Up  npa 
Ga-^O  SeMr/c,  lk=1.76  A 
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SiiKJiiQMeHne 


B  xoAe  npoBCACHHbix  iiccneAOBaHwfl  npoAeMOHCipiipoBana  pa6orocnoco6HOCTb  ABurarejja 
M-35  B  uiHpoKOM  AHanaJOHe  paspaAwwx  HanpaJKoHufi  n  tokob  c  npueAiJieMbjM  jpobhcm  k.a.a. 
3(l)(lieKi'JiBH0CTb  ABHraxena  MOMcex  6biTb  nontfuieHa  aa  cuet  Atwbiieriiiiofi  orixaMHiauuM 
MarAHTHpft  CHOreMW,  a  lanae  HcnoAtaoBaHun  fiouee  .fKonoMM'iHoro  KaTOAfl-KOMneHcaxopa  c 
paSoAHMH  TOKaMH  0,5- 1,5  A  H  KaxOAHbiM  pacxoAOM  He  6ojiee  0,1  mx/o. 
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The  i?tationary  Plasma  Thruster  M35  has  operated  on  Xe  at  1 50... 350  W  during  investi- 
B«tion  test.  For  instance,  it  produced  thrust  of  1 .35  g  at  200  V  discliarp  voitage  and  1  A.  dis¬ 
charge  current  white  demonstrating  36%  efficiency  (without  the  cathode  and  bias  cod  losses), 
MSS  performance  may  be  enhanced  by  optimizing  its  magnetic  subsystem.  An  economical  cath¬ 
ode  is  needed  to  improve  the  thruster  efficiency  at  a  discharge  cnrient  below  1  A. 

llLtxMvi^iion 

g«ipa(5ecraft  downsizing  is  one  of  modern  trends  in  space  technology.  That  means  that 
sDacecraft  Which  needs  orbit  maintenance  should  be  provided  with  an  effioenl  piopulsion  subsys¬ 
tem.  SPT  Jopuision  subsystem  is  a  promising  one  for  such  task,  Sudi  thiusters  arc 
i  cgyinted  and  offer  high  speuilk;  i.njiulse  and  eOlcicncy.  Onboard  power  of  small  spar.ficraft  is  un¬ 
der  several  hundred  Watts  that  delimits  power  of  propulsion  respeuUvdy. 

FAKEL  (Kaliningrad,  Russia)  have  developed  a  line  of  propulsion  subsystems  (PS)  using 
the  Stationary  Plasma  Thrusters  (SPT)  for  various  application  spacecraft  (s/c),  (I,  2]  ihe  M  i 
line:  M50,  M70  and  Ml 00  (figures  mean  the  outside  diameter  of  the  discharge  chamber)  coveis 

power  range  0.3 ...  1 .5  kW. 

At  a  specific  power  level,  , Wo  SPT  optimization  options  are  possible,  genci  ation  of  tnaxi- 
ma)  thi-ust  or  developing  maximal  possible  specific  impulse  and  efficiency.  Losv  discharge  voltage 
(160  V)  mode  is  jlleferred  in  the  first  option  which  needs  higher  gas  flow  me  and,  consequently, 
more  storage  capability,  In  high  discharge  voltage  mode  (300  V),  less  propellant  is  needed. 

The  M3 5  covers  power  range  1 50 ...  3  50  W, 

Rquipmeiit  and  orcicedur^a 

SF  f  M3  5  has  35  mm  outside  diameter  of  the  dielectric  discharge  chamber  (DC)  in  which 
the  cas  distributor  anode  is  located.  The  magnetic  subsystem  comprises  inner  and  outer  bms  coi  s 

me  gas  oisziuowiv  I  W  ,  <  I  ,  I  .  *1,,  nf' edco  The  outer  po  e  can  he  moved  axi- 

and  inner  and  outer  magnetic  poles  located  uca*  the  ^ j ^  nmvided 

ally  on  a  thread  changing  the  configuration  of  magnetic  field  m  the  DC.  The  thi  uster  was  provideu 

with  two  plasma  neuualLi  cathode.  KN-5A  positioned  on  both  sides  of  the  annde  assembly.  The 
SPT  M3  5  is  shown  in  Fig.  1. 


The  thhisler  power  schematic  is  pictured  in  Fig,  2  where  single  neutralizer  cathode  is  as¬ 
sumed.  The  cataiode  heater  was  powered  by  the  Eh  power  supply.  The  cathode  heater  power  was 
about  SOW  and  the  !)e&ling  time  was  160  sec.  Discharge  in  the  cathode  was  ignited  using  the 
regulated  voltage  source  Ei  which  was  used  to  maintain  an  extra  discliargc  in  the  neutralizer  cath¬ 
ode  ignitor  as  well.  Current  limiting  rheostat  R1  was  used  in  the  Ei  supply.  Ei  voltage  was  raised 
to  300  V  level  for  igniting  discharge  in  the  thruster  and  then  dropped.  The  bias  coils  were  con¬ 
nected  to  the  independent  current  sources  Him  and  Eom,  The  discharge  power  supply  Ed  com¬ 
prised  a  filter  consisting  of  the  choke  L,  the  resistor  R2,  the  capacitor  C  and  the  ballast  resistor 
R3  in  parallel  10  which  the  switch  T  is  connected.  The  Ei  source  has  current  protection  turning  the 
source  off  when  the  current  exceeds  3  A  level. 
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Flo.2.  Electrical  Schematic  Diagram 


Xe  flow  was  separately  opened,  regulated  and  measured  in  the  anode  and  one  of  the  neu¬ 
tralizer  cathodes. 

I'he  test  facility  comprised  a  vacuum  tank  having  0,9  m  in  diameter  and  2.5  m  in  length. 
Diffusion  oil  vapor  pumps  provided  20’000 1/sec  pumping  speed  (by  air).  While  the  M3 5  operated, 
pressure  inside  the  tank  stayed  below  1.2*10-4  mm  Hg  on  the  vacuummeler  calibrated  by  an  .  The 
facility  was  equipped  with  thrust  stand  for  measurement  in  range  0,  ,.5  g.  Its  error  was  no  moru 

than  2.5%. 

The  thruster  ion  current  li  was  measured  u.sing  a  big  collector  located  in  the  hemisphere  in 
front  of  the  thnjster.  The  collector  potential  was  lower  than  the  cathode  potential.  The  neutializer 
cathode  had  erclra  heater. 

Variable  component  of  the  discharge  current  (~ld)  was  measur  ed  during  the  thruster  op¬ 
eration  in  the  C  capacitor  loop, 

Test  re.sult  discussion 

As  a  rule,  during  the  thi-uster  startup  with  tire  supplies  Eitn  and  Eom  turned  on  before¬ 
hand  discharge  in  the  ignitor  loop  ignited  with  no  discharge  itr  the  anode  assembly.  That  was 
connected  with  limited  electron  motion  iir  the  magnetic  field  which  prevented  them  from  enterrng 
the  DC  and  developing  the  discharge  there,  Hence,  a  simplified  procedure  provided  in  the  Patwn 
131  was  utilized  for  the  thruster  startup,  Jt  coneisted  of  the  following.  With  the  switch  1 
flow  open  and  the  power  supplies  Eim  and  Eom  turned  on,  the,  power  supply  Eh  was  used  to  heat 
up  the  cathode.  Then,  the  power  supplies  Ei  and  Ed  were  turned  on.  When  the  mam  discharge  ig¬ 
nited  with  the  current  limited  by  the  R3  the  supplies  Eim  and  Eom  turned  on,  the  switch  T  clos^ 
and  the  supplies  Eh  and  Ei  turned  off,  Such  method  provided  a  relia.ble  startup  using  simple  tech¬ 
nical  means. 

Magnetic  field  was  optimized  by  varying  the  poles'  position  in  respect  of  each  other  and 
seleoliuft  the  coil  current  level  at  which  the  dischaige  current  (Id)  wa.s  minimal,  With  the 
cated  in  the  same  plane,  the  wear  traces  on  the  DC  walls  were  wider  on  the  inside  wall.  With  the 
outer  pole  moved  towards  the  anode  the  trace  width  was  distributed  more  evenly  promising 
higher  life  of  the  anode  assembly. 

Several  modes  with  optimized  bias  current  were  found  at  three  levels  of  the  discharge 
voltage  (Ud),  Propellant  was  fed  into  the  cathode  at  a  rate  of  0.2  mg/see,  in  addition 
was  heated  by  the  discharge  current,  flowing  through  the  ignitor  loop,  of  0,5  A  at  1,0  Id  1 , 


or  0.75  A  at  ld<  J  .0  A  The  measured  volucEt  arc  summarized  iti  the  Table  1 , 

ftesidcs  the  abbreviatieus  used  above,  ilie  fuiluYvint;  aie  used  In  the  Table  1 ; 

Nd  -  discharge  power;  Ni  -  power  of  an  extra  discharge  in  the  ignitor  loop;  F  -  thrust; 
Ga  -  anode  flow  rate;  Efllc^cya  -  efficiency  without  cathode  flow  rale,  Ni  and  bias  coi!  losses; 
Eftlc-cym  -  efficiency  with  Ni  anu  cathode  flow  rate  yet  without  bias  coil  losses;  Ja  and  Jm  -  spe¬ 
cific  impulse  witlviut  or  with  cathode  flow  rate,  respectively. 

The  bias  cOil  losses  were  not  taken  into  account  evaluating  the  overall  performance  a.s  the 
magnetic  subsystem  of  the  M35  needs  lliither  optimization. 

The  data  presented  indicair.  that  the  operates  normally  over  a  wide  range  of  the  dis¬ 
charge  cuffci'it  and  valtage  It  has  a  lii^h  device  of  Xe  luuizdlion  and  an  acceprable  Ion  current  to 
discharge  current  ratio  (li/.ld).  It  was  demonstrated  that  the  thruster  effectiveness  is  severely  af¬ 
fected  by  the  ealhude  KN-5A  which  requires  a  flow  rate  comparable  to  that  of  the  anode  and  an 
extra  heating  at  ld<1.2  A,  'I'he  low  power  SPT  will  need  a  neutralizer  cathode  with  the  operation 
current  0. 5 ...  1 . 5  A  and  flow  rate  no  more  than  0. 1  tng/sec. 

To  estimate  effect  of  the  bias  curient  on  performance  experiment  was  done  with  coils 
connflctftd  in  Rcriee  Curves  Id,  li,  F,  -  Id  and  Bffie  eya  V3.  coil  current  (Ic)  art  shown  in  Fig,  .3, 
Tiie  chart  indicates  that  the  ion  current  and  the  thrust  remained  unchatiged  over  the  entite  bias 
current  regulation  range.  The  discharge  current  increased  with  decreasing  Ik  that  is  connected 
with  more  electron  current  share  and  the  discharge  current  oscillation  (~'ld)  At  ilte  current  Ik  ovei 
2,5  A,  the  efficiency  reached  its  maximum  and  all  above  parameters  stabilized.  However,  coils 
nverheated  at  such  bias  current  level,  so  the  thruster  had  never  operated  more  than  5  min  in  each 
optimized  mode  (including  those  mentioned  in  the  Table  1). 


While  taking  the  voll-ampece  curve,  the  bias  current  was  maintained  at  a  level  of  1 ,75  A 
that  prevented  from  overheating  the  coils.  The  principal  parameters  vs.  the  discharge  voltage 


curve  at  the  constant  anode  flow  rate  (Ga=0.96  mg/sec)  is  shown  in  Fig,  4,  The  ion  current  was 
saturated  at  Ud>140V,  that  demonstrates  an  eflective  ionisation  in  the  discharge  chamber.  Some 
discharge  current  ravnp-up  at  Ud>200  V  occurred  due  to  more  electron  currem  which  can  be  di¬ 
minished  by  optimizing  the  magnetic  field.  Fig.  4  indicates  that  the  M3 5  can  operate  over  a  wide 
range  of  discharge  voltage. 


Conclusion 

The  study  has  demonstrated  the  operation  of  the  thruster  M3 5  over  a  wide  range  of  dis¬ 
charge  voltage  and  cunent  at  an  acceptable  efficiency  level.  The  thruster  elfeciiveness  can  be  im¬ 
proved  by  further  optimizing  the  magnetic  subsystem  and  using  more  economical  neutralizer 
cathode  with  operation  airrent  0.5 ,  .1,5  A  and  flow  rate  no  more  than  0, 1  nig/sec. 
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The  NASA  SBIR  Micro  Gas  Rheostat  Program  for  Xenon  Flow  Control 

Author:  Charles  Mulford,  Co-Author:  Rich  Kelly 
Marotta  Scientific  Controls,  Inc. 

78  Boonton  Ave.  PO  Box  427 
Montville,  NJ  07045-0427,  USA 
tele:  973-334-7800 

Marotta  Scientific  Controls,  Inc.,  (MSCI)  continues  development  of 
Micro  Gas  Rheostat  (MGR)  under  the  NASA  Small  Business  Innovative 
Research  (SBIR)  Program.  The  SBIR  topic  requested  advancements  in  pro¬ 
pulsion  technology. 

MSCI  investigated,  designed  and  produced  a  miniature  Xenon  Flow 
Control  device,  MGR,  which  utilizes  MEMS  micromachining  technology, 
and  a  low  power  electronics  to  drive  the  devices.  MSCI  designed  built  and 
tested  the  MGR  performance  which  throttles  Xenon  Flow  to  3:1  turndown. 

The  results  and  test  data  collected  during  Phase  2  of  the  SBIR  program 
is  presented  which  demonstrates  the  desired  performance.  MSCI  provides 
verification  of  operation  over  the  pressure  and  temperature  range. 
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HccjleaoBaHHH  no  cHH»:eHHio  ypoBHH  sarpnsHHiomiHx  BbiSpocoB  3KP^MT 
H  paspaSoTKC  ajieKTpoflyroBbix  flBnraTejien  Majion  MoinnocTn" 


C.  IlaBJioB,  K).  HBaHOB,  A.  lOiHMeHKO,  A.  KonanoB,  Y.  CaBCJiteB,  M.  Ca(J)poHOB 
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Pecjjepax 

npe^cxaBjicHbi  pesyjibxaxbi  HCCJiCflOBaHHH  no  CHHacennio  ypoBHS  sarpasHaioBmix 
BbiGpocoB  nByxKOMnoHCHXHbix  :aCP/(MT,  B  XOM  nncjie  BXOAsrunx  b  cocxaB  ;iBHraxejibH&ix 
ycxanoBOK  noJiroBpeMeHHHX  opOnxajibHbix  cxannHH,  n  pesyjibxaxbi  pa6ox  no  coB^iannio 
ojieKxponyroBbix  nBnraxejien  Manon  moiu;hocxh. 

^pHBe/^eH  ananns  peayjibxaxoB  oKcnepnMenxajibHbix  nccjicAOBannH  oKOJiornnecKHX 
xapaKxepHcxHK  paarinnHaix  l^-CP^MT,  npeflycMaxpHBaion];HX  onpenenenne  KonnnecxBa 
Bbi6pocoB  KonneHcnpoBaHHOH  (J)a3bi  H3  conjia  nBnraxejiH  npn  HMnyjibcnon  pa6oxe  na 
xonjiHBax  aaoTHbiH  xexpoKcnn  (AT)  h  necHMMexpnnHbm  nnMexHJirnjipasHH  (H)]|Mr),  AT 
H  rnnpaBHH  n  onpe^nejienbi  neKoxopbie  Meponpnaxnfl,  Koxopbie  Moryx  cnocoScxBOBaxb 
CHHxcennio  yposna  sarpasnaioinHx  BbiSpocoB. 

npencxaBJieHbi  pesyjibxaxbi  KOMnjiCKca  HccneflOBannH  no  cosAannio 
ojieKxponyroBoro  flBnraxejia  (3AW  Moninocxbio  okojio  1  kBx  na  rnspasHHe. 
Onpeneji:eHbi  oSjiacxn  pannonajibHoro  npHNienenna  xaxnx  nenraxeneH,  paapaGoxanbi 
KOHcxpyKXHBHbie  pemenna  ochobhhx  oaeMenxoB  n  ysJioB  llpHBefleHbi 

OKcnepHMenxajibHO  onpenenennwe  ocnoBHbie  xapaKxepncxHKH  oOpaapoB  3)];)];  n  nana 
oncHKa  nocxnacHMoro  ypoBna  xapaKxepncxnK  xaxnx  nEnraxeaen. 


3KcnepHMeHTajibHi.i[e  HccjienoBaHHa  no  cHHaKennio  vpobhh  aarpflannioinHX 
Bbl6pOCOB  JBVXKOlvmOHeHTHblX  }KPZIMT. 

yBeannenne  cpOKOB  aKXHBHoro  cymecxBOBanna  KOCMnnecKnx  annapaxoB  (KA)  n 
paspaOoTKa  MeacnynaponHbix  KOCMnnecKHX  cxaHnnn  (MKC)  BbiaBnan  npoGaeiviy 
3arpa3HeHna  oaeMexixoB  noBepxnocxH  KA  n  MKC  npo^yxxaMU  cropanna  nBnraxeaen 
ynpaBaenna. 

B  CBasH  c  3XHM  B  L(eHxpe  Keanbima  Bbinoanen  snannxeabHbiH  o6x>eM 
sKcnepHMenxaabHbix  nccaeflOBannH,  peabio  Koxopbix  aBaaaocb  onpefleaenne 
KoannecTBeHHbix  xapaKxepncxnK  Bbi6pocoB  aarpasnaromux  Bcn^ecxB,  ycxanoBaenna 
Bananna  paaanHHbn;  (^axxopoB  na  SKoaornnecKne  xapaKxepncxHKH  ;»;P/(MT  n  noncK 
MeponpnaxHH  no  yMenbrnenmo  axnx  BbiGpocoB.  Bcero  c  axon  neabio  na  cxennax  L(eHxpa 
Keaflbima  npoBe^eno  OKoao  100  Hcnbixaunn  cepnnnbix  ^PJ(MT  paapaOoxxn  KBxHMMam 
H  HHHMam  n  oKcnepnMenxaabHbix  ^BHraxeaen  paspaGoxxn  IJ,eHxpa  Keanbinia. 

3xh  HccaeflOBanna  «aiox  ocnoBanna  npennoaaraxb,  nxo  MeponpnaxnaMH,  Koxopbie 
Moryx  cnocoOcxBOBaxb  cnnacennK)  ypoBna  sarpasHaiomnx  Bbi6pocoB  [»;P/(MT,  aBaaioxca: 

1 .  noBbinienne  noanoxbi  cropanHa  xonanBa,  b  xom  nncae  aa  cnex; 

-  BHe^penna  xaMep  cropanna  h3  >KaponponHbix  MaxepnaaoB; 

-  coBepmeHCXBOBanna  cxcm  cMeccoOpaaoBanna. 
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2.  noBtimcHHe  ^HHaMHBecKHx  xapaKxepHCTHK  ;aCP,I]^MT  h  cooxBeTCXByiomee 
coKpamenne  BpeMCHH  nepexo^i;HBix  npopeccoB. 

3.  OnxHMHsapHH  nocjieaoBaxenBHOcxH  cpa6axbiBaHHa  xonjiHBHtix  RjiananoB 
aByXKOMnOHCHXHBIX  }KPfl,MT. 

4.  SaMena  mxaxHoro  ropioBero  H^MF  na  xonjiHBa  c  MeHbniHM  co/^ep)KaHHeM 
yxjiepofla  (MOHOMexHJtxHApaaHH,  xHflpaaHH). 

5.  nepexo;^  na  BKOJioxHHecKH  ancxBie  xonjiHBa  (KHCJIopofl-Bo/^opo/^,  KHCJiopo;[i;- 
MexaH  H  ;],p.). 

HanGojiee  npneMJieMBiMH  h3  BbintenepeHHCJieHHBix  cnoco6aMH  ynpaBjicHna  3xhmh 
npopeccaMH,  Koxoptie  ne  cBasaHbi  c  KaKHMH-nH6o  cyipecxBeHHbiMH  KoncxpyKXHBHbiMH 
HSMeHennaMH  ^Hraxeaa,  aBaaioxca  coKpaipcHHe  npofloa>KHxejibHocxH  npoxeKanna 
nepexo;];Hbix  npopeccoB  nyxcM  noBbimcHHa  ^^HHaMHKH  oxKptixHa  h  saKpbixna  KaananoB  h 
onxHMHsapHa  nocae^OBaxeabHocxH  oxKpbixHa  h  aaxpbixHa  KaananoB  OKHcaHxeaa  h 
ropioHero  npn  BKBKDHeHHH  h  BbiKaioaeHHH  B^BuraxejieH  ^^aa  yjiyBineHHa  ycaoBUH 
CFopaHHa  xonaHBa. 

yayBineHHe  FtEHaMHKH  KaananoB  Moacex  6bixb  AocxHxeyxo,  nanpHMep,  BHe;i;peHHeM 
ycKopaioipHx  ajieKxpnaecKHX  cxcm  BKaioneHna  KaananoB  c  no^taneH  noBbmieHHoro 
Hanpa)KeHHa  npH  bkjuohchhh  flBHxaxejia  c  nocaeayioiEiHM  nepexo^OM  Ha  HOMHHaJibHoe 
HanpaxceHHe,  oGecneHHBaiomee  yjiepacaHHe  Rjianana  b  oxKpbixoM  cocxoaHHH  ;];o  no;];aHH 
KOManabi  na  BbiKawHCHHe. 

BxopoH  cnocoG  Moacex  6bixb  peajiHsoBaH  nyxeM  noflanH  aaeKxpHHecKHX  KOMana  ox 
CHCxeMbi  ynpaBxeHHa  na  Knananbi  flBHraxeaa  c  Heo6xoB,HMbiM  paccoraacoBaHHeM, 
oSecncHHBaioiHHM  HaHaynniHe  BKoaoxHHecKHe  xapaKxepncxHiKH. 

SaflaneM  /];aHHbix  HCcae/XOBaHHft  asaanacb  aKcnepHMCHxajibHaa  npoeepKa 
3(J)(J)eKXHBH0cxH  HCKOxopbix  H3  3XHX  MeponpHaxHH,  B  HacxHOcxH  paccoxHacoBaHHa 
cpa6axbiBaHHa  KaananoB  oicHcaHxeaa  h  ropioHero  npH  BxaioHeHHH  h  BbiKaiOHeHHH 
H  3aMeHbi  ropionero  H/^MF  na  xHBipaaHH. 

HcnbixaHHa  npoBo;i;HaHCb  na  naxH  BapnaHxax  /^BHraxeaefi,  xpH  h3  Koxopbix 
aBaajiHCb  cepHHHbiMH  (HOMHHajibHofi  xaroH  25,  100  h  129  H)  h  flBa 

SKcnepHMeHxajibHbiMH  (HOMHHajibHOH  xaroH  10  H  10  H). 

HcnoabsyeMbie  xonaHBHbie  komhobuphh  -  xonaHsa  Ha  ochobc  asoxHoro  xexpoKCHFia 
(AT)  c  ropiOHHMH  H,I(MF  h  rHFi;pa3HH. 

MexoOTKa  onpefleacHHa  SKoaoxHHecKHX  xapaxxepHCXHK  Bbixaona  !^PflMT 
saKJiioHaaacb  b  HeriocpeF(CXBeHHOM  HSMepeiiHH  Maccbi  KOH^eHCHpoBaHHOH  (J)a3bi  ox 
BbixaoHHbix  raaoB  flBHxaxeaa,  Koxopaa  HaKanaHBajiacb  b  cnepHajibHbix 
npo6oox6opHHKax  h  KOxopaa  b  ;FOcxaxoHHOH  cxenena  xapaKxepHsyex  ypoBCHb 
3arpa3HeHHocxH  BbixaonHoro  4)aKeaa. 

flBHxaxeab  pacnoaaraaca  b  OapoxaMepe  BcpxHKaJibHO  conaoM  bhhs.  CneuiHajibHbiH 
npo6oox6opHHK,  npeflcxaBaaiomHH  coGoii  Konyc  h3  HepxcaBeiomeH  (JjoabXH,  c  /tnaMcxpoM 
ocHOBaHHa  80  hhh  120  mm  (pHc.l),  6bia  noMeni;eH  b  cnepnajibHyK)  FtepxcaBKy, 
oOecneHHBaromyio  acecxKoe  aaKpenacHHe  h  ObicxpbiH  cbOM  npo6oox6opHHKa.  /(epacaBKa 
saKpennaaacb  coocho  ziBHraxeaK)  na  paccxoaHHH  120.. .150  mm  ox  cpesa  conaa. 

HcnbixaHHa  npoBo^HaHCb  npn  HanaabHOM  a,aBaeHHH  nepea,  nepsbiM  BKaioHCHHeM 
aBHxaxeaa  oKoao  10  Topp.  )],aa  naGopa  aocxaxoHHoro  KoaHHccxBa  KOHaencHpoBaHHOH 
(Jiasbi  B  npo6oox6opHHKe  na  oanoM  HcnbixaHHH  npOBoaHaocb  ox  oaHoro  ao  aecaxH 
BKaioHeHHH  aBHxaxeaa  npoaoaacHxeabHocxbio  40.. .50  mc  c  nayaoH  Meacay  BKatoHCHHaMH 
ox  50  ao  100  c. 

Kbk  noKaaaa  anaana  pesyabxaxoB  nepBbix  HcnbixanHil,  ochobhoc  BanaHHe  na 
KoaHHCcxBo  BbiGpocoB  OKa3biBaK)x  nepexoaHbie  npoaeccbi  Bbixoaa  aBHxaxeaa  na  peacHM  h 
ocxaHOBa,  Koraa  npoaeccbi  cropaHHa  xonaHBa  npoxcKaiox  npn  HcGaaronpHaxHbix 
cooxHomenHax  komhohchxob  xonaHBa,  noaxoMy  e  cocxaBC  Bbixaona  coaepacHxca 
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3HaqHTeni>Hoe  Konn^ecTBO  B&icoKOMO.rieKynapHbix  npoflyicxoB  nenojiHoro  cropaHHH 
TonjiHBa. 

PeayjibTaxoM  nciiBixaHHH  !2CPflMT  aBJiajiacB  saBHCHMOcxB  BejiHMHHBi  MaccH 
oca>Kj^6HHOH  KOHj];eHCHpoBaHHOH  BbixaoiiHoro  (^aKCJia  flBHraxejia  ox  BpeMCHH 

onepexceHna  oxKpBixHH  KnanaiioB  oKHCJiHxejia  h  ropioMero  na  sanycKC  h  aanaaj^BiBaHHa 
Hx  aaKpBixHX  Ha  ocxanoBC  flBHxaxejia.  Ho  3xhm  ^aHHBiM  onpe^enajicfl  onxHMajibHBiH 
peX^HM  BKJnOHeHHfl  H  BblKHIOHCHHa  KJianaHOB,  o6ecneHHBaK)HtHH  MHHHMaJIBHyK) 
BCJIHHHHy  Maccbl  KOHfleHCHpOBaHHOH  $a3BI  B  BblXJIOHHOM  ^JaKCJie  aBHraxejia. 

Pesyjibxaxbi  npoBeflCHHUx  b  3xom  HanpaBJieHHH  HCcneaoBaHHH  yKasbmaiox  na 
HaJIHHHe  BJIHSHHa  paSHOBpeMCHHOCXH  OXKpblXHS  H  SaKpblXHS  KJianaHOB  Ha  ypOBCHb 
Bbi6pocoB  KOHfleHCHpoBaHHOH  ^^33X1,  HpH  3XOM  B  HOKOXopbix  cjiyHaax  jJOCXHXaHOCb 
cxaSHJibHoe  1.5...2.0-KpaxHoe  CHHxieHHC  3xoro  noKaaaxejia.  HaH6ojiee  rpasHbm  bhxjioh 
Ha6jiK)iiaexca  npH  pai6oxe  ^BHraxeJieft  c  H36bixKOM  ropiOHero  npn  sanycKC  h,  ocoSchho, 
ocxaHOBC  flBHxaxejieH,  Kor,a,a  HMcex  Mecxo  onepeaccHHC  BKHKiHCHHa  Knanana  ropioHero 
npH  BKjnoHCHHH  H  saflepacKa  saKpbixua  sxoro  Kaanana  npH  ocxanose  ^BHraxeaeii.  Bmccxo 
c  xeM,  HHor^a  He  y^iaBanocb  nonyHHXb  flocxaxoHHO  aBHoro  pesynbxaxa.  3xo 
o6cxoaxenbcxBO  cBHflexejibcxByex  o  Heo6xoflHMOCxH  6oaee  rjiy6oKoro  anajiHsa 
KOHCxpyKXHBHbix  ocoGcHHOcxcH  H,  CBa3aHHbix  c  HHMH,  paGoTOX  HpopeccoB  B  ji;BHraxejiax 
^jia  HOHHMaHHa  3xoro  aBnenna. 

CymecxBCHHbiH  3(^$eKX  oxMenaexca  npH  Hcnoab30BaHHH  xHupaaHHa  bmccxo 
CpaBHCHHe  pe3yjibxaxoB  HCiibixaHHH  oflHoro  H3  flBHraxejieS  na  xonaHBax  AT  h 
H/^MT,  AT  H  rHApa3HH  noKaaajio  npeHMymecxBO  npHMeHeHHa  xHflpaaHHa  b 
HCCJie^lOBaHHOM  ^HanaaoHe  HaMenenHa  K034)(|)HHHeHxa  H36bixKa  oKHcanxejia  0.5. ..0.7, 
npH  3XOM  ypoBeHb  3arpa3HHK)m,HX  BbiOpocoB  yMeHbuiHJica  b  2. 5. ..4.5  pasa. 

nojiyneHHbie  peayjibxaxbi  HcnbixaHHH  Hocax  npeflBapiixeabHbm  xapaxxep  h  6y;;yx 
yxoHHaxbca. 

Peayjibxaxbi  npoBeflCHHbix  HCCJie;ioBaHHH  aanaioxca  nepBbiM  maroM  k  co3.naHHK) 
Mexox^oB  cepxH(|)HKaHHH  }KP^MT  no  oKoaornnecKHM  napaMexpaM. 

Wcc.nejioBaHHH  no  coajantHio  3J][eKTPOJvroBbix  aBHrarejiCH  MaJioH  MomHOCxH, 

riocjiejiiHee  spexia  b  IJ,eHxpe  Kejiflbinia  Goaxinoe  BHHMaHHe  yflejiaexca  BonpocaM 
paapaOoxKH  h  HccaeaoBaHHH  paKexHbix  nBHraxeaeii  MajioH  xara  (P/],MT)  hobbix  xhhob,  a 
xaK>Ke  pemeHHK)  npoSaeM,  CBaxaHiibix  c  fljiHxenbHOH  oKcnnyaxapHeft  P^MT  b  naxypHbix 
ycJioBHax. 

0.n;HHM  H3  HanpaBJieHHH  pa6ox  b  Hacxoaiiiee  Bpena  aBJiaioxca  HCCJiejioBaHHa  b 
oOecneneHHe  coaaaHHa  sjieKxpoayxoBoro  nBHxaxejia  Majioii  mohihocxh  na 

aMMHaKe  nan  raapaxHHe.  3xh  paGoxbi  BKaioHaiox  b  ce6a,  b  nepByio  onepeab,  paapaOoxKy 
H  HCHbixaHHa  3KcnepHMeHxajibHbix  oOpaapoB  flBHxaxeaeH,  a  xaKace  HCcaeflOBaHHa 
B03M0HCH0CXH  npHMCHeHHa  3^X^  ®  cHCxeMax  ynpaBaeHHH  KA. 

3^^  npHHaxo  oxhochxb  k  icaaccy  aacKxpopeaKXHBHbix  aBHraxeaen,  xoxa  npn 
paOoxe  3P7f  Ha  rH,apa3HHe  Hcnoabayexca  He  xoabKO  OopxoBaa  aaeKxposHepxHa,  ho  h 
xHMHHecKaa  SHeprna  paaaoKeHHH  XHapaxHHa.  Ho  ypoBHio  ochobhbix  aneprexHHecKHX 
xapaKxepHcxHK  3,Elfl  aaHHMaex  npoMOKyxoHHoe  noaoiKenne  MeiK^y  xepMO- 
KaxaaHXHHecKHMH  h  oaeKxpoHarpeBHbiMH  flBHraxeaaMH,  c  oa;HOH  cxopoHbi,  h 
cxaHHOHapHbiMH  naa3MeHHbiMH  h  hohhbimh  aBHxaxeaaMH,  c  apyroH  cxopoHBi. 

PaGonee  xeao  b  3J];3  HsirpeBaexca  oaeKxpHnecKOH  jiyroii,  ropamefi  MeiK^y  KaxoflOM 
H  anoflOM  H  ycKopaexca  b  CBepx3ByKOBOM  conae.  3a  cnex  narpeBa  paGonero  xeaa  b  ^yre 
ao  cpeaHeMaccoBbix  xeMnepaxyp  3000. ..5000  K  h  Bbime  moxcho  aocxHHb  bbicokhx 
CKOpocxeH  HCxeneHHH  h,  cooxaexcxBeHHo,  bbicokhx  3HaHeHHH  yaeabHoro  HMnyabca. 
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HpH  pa6oTe  Ha  rHflpaaHne  huh  he  aMMHaKe  cnocoSHti  oGecneHHXB  yflejiBHBiH 
HMnyjiBC  4000.. .6000  m/c,  npn  HcnojiBSOBaHHH  Boflopo^a  -  10000. ..20000  m/c. 
PeajiHsyeMBiH  3/1^  ypOBCHB  xara  onpeACJiaexca,  b  nepByio  onepe^B,  BejiHHHHOH 
noABe.Z];eHHOH  ajieKxpoaHepxHH,  h  Moacex  cocxaBjiaxB  ox  HecKOJiBKHX  xpaMM  flo 
HecKOJiBKHX  ji;ecaxKOB  rpaMM  npH  pene  xarn  3...  10  kBx/H.  Thfobbih  kh/^, 
xapaKxepnayrouiiHH  3(J)4)eKXHBHOcxB  npeoSpaaoBaHHH  3.xeKxpHHecKOH  3HeprHH  b 
KHHCxHHecKyio  3HeprHio  co3.z]:aK)mero  xaroBoe  ycHjine  rasoBoro  noxoKa  cocxaBjiaex  fljia 
3/1^  MaJIOH  MOBU(HOCXH,  KBK  HpaBHJIO,  25... 3 5  %. 

TaKOH  ypoBCHB  napaMC'rpoB  cnoco6eH  .naxB  BBmrpBim  b  cpaBHCHHH  c  /i;pyrHMH 
XHnaMH  flBHraxejieft  b  saaanax  noflflep)KaHHa  KA  na  opGnxe,  HSMenenHa  opOnx&i  h 
MaHeBpHpOBaHHX. 

HanGoiiee  nepcneKXHBHOH  sa^aiaHeH  b  3xom  HanpaimeHHH  aBaaexca  coa^aHHe 
rHflpasHHOBoro  3^^];  nocxoaHHoro  xoxa  moiphocxbk)  okojio  1  kBx.  TaKoM  ypoBCHB 
MOIPHOCXH  BBiGpaH  H3  yCJIOBHH  COOXBCXCXBHa  paCHOJiaXaeMOH  MOIPHOCXH  MHOXHX  KA, 
xara  3/m  npn  3xom  cocxaBiraex  0,1... 0,1 5  H.  Bbi6op  xHflpaaHHa  b  KanecxBe  paOoHero  xejia 
oOycjiOB-xeH  ero  ranpoKHM  npHMeHCHHeM  b  Jiy  paxjiHHHBix  KA,  a  xaK>Ke  ero 
"yHHBepcajiBHocTBK)",  HosBoaaiomeH  coa/iaBaxB  KOMGnHHpoBaHHBie  /l^Y  c 
rHflpasHHOBBiMH  .OiBHraxeaaMH  pasaHHHBix  xhhob. 

npHHpHHHajiBHaa  cxeMa  /^BHxaxejia  npe^i;cxaBjieHa  Ha  pHC.2.  Hcxohhhk  nnxaHHa 
TiyxH  4)opMHpyex  BOJi&x-aMnepHyio  xapaxxepHCXHKy,  Heo6xo.^HMyK)  .ajia  cxaOHjiBHon 
paOoxBi  z^BH^axeJla.  lIpH  bkjtiohchhh  ^(BHraxena  na  aacKxpoflBi  noAaexca  HMnyjiBCHoe 
HanpaaccHHe  b  necKoaBKO  KHaoEoaBX  aJis  HHHpHHpOBaHHa  ayroBoro  paapaaa.  /laa 
noaaHH  Ha  Bxoa  b  aacExpopaapaanyio  xaMcpy  (3PK)  "ropaanx"  npoayKXOB  paaaoaceHHa 
raapasHHa  cayacHx  yaea  xepMOKaxajiHXHaecKoro  paaaoaceHHa.  Ochobhbimh  aaeMenxaMH 
3PK  asaaioxca  Kaxoa,  anoai-conao,  yaea  noaaaH  paSoaero'  xeaa  b  Me>K3aeKxpoaHoe 
npocxpancxBO,  HsoaaxopBi  h  ynaoxHHxeaBHBie  aaeMCHXBi. 

B  peayaBxaxe  HccaeaoBaHHH  paaanaHBK  cxcm  3PK  coaaan 
aeMOHCxpapHOHHBiH  oOpaxcH  aBHxaxeaa  h  SKcnepHMOHxaaBHO  onpeaeacHBi  ero 
ocHOBHBie  xapaxxepHcxHKH.  B  npopecce  HCcaeaoBaHHH  OBian  pemeHBi  caeayiomHe 
npoOacMBi: 

-  oGecneaeno  naaeacHoe  aa^KHraHHe  ayroBoro  paapaaa  npn  aanycxe  h  ero 
cxaOHa&Hoe  ropcHHc  na  cxapHOHapHOM  peacHMe  paOoxBi; 

—  npOBcaena  onxHMH3aH,Ha  reoMexpHH  MeacaaeKxpoaHoro  npocxpaHCXBa  h 
npo4)Haa  conaa,  axo  oOecneanao  pa6oxy  3PK  b  peacHMe  c  bbicokhm  yaeaBHBiM 
HMnyaBCOM  h  MHHHMaaBHOH  3po3HeH  aaexxpoaoB; 

—  BBi6paHBi  KOHcxpyxnHOHHwe  MaxepnaaBi  aaa  aaeKxpoaoB,  H3oaaxopoB  h 
ynaoxHHxeaBHBix  saeivieHxoB,  HsroxoBaeHBi  cooxBexcxByiomHe  ysaBi,  aKcnepHMCH- 
xaaBHo  noaxsepacaena  hx  pa6oxocnoco6HocxB  b  ycaoBHax  bbicokhx  paOoanx 
xeMnepaxyp. 

Ha  paapaSoxaHHOM  oopaape  3^/];  noayaenBi  caeayiomiie  xapaKxepHcxHKH; 


HoxpeSaaeMaa  MontHOcxB .  0.8...  1 .5  icBx; 

Tara .  0.1...0.26H; 

yaeaBHBiH  HMiiyaBc  xarti .  3500. ..4700  m/c; 

xaroBBiH  KH/l, .  28. ..32%; 

pena  xarn .  5.8.. .8.0  kBx/H. 


B  npopecce  npoBopHMBix  b  Hacxoamee  BpcMa  pecypcH&ix  HCHBixaHHH  aocxHrnyxa 
HapaOoxKa  asHraxcaa  6oaee  20  aacoB. 
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BejiHHHHa  yj^eji&Horo  HMnyjitca  xarn  3/17],  cymecTBCHHo  aaBzcHT  ox  yaenbHOH 
MomnocxH,  x.e.  ox  moii],hocxh,  npHxoflflii];eHCfl  iia  ej^HHHiiy  pacxo;i;a  paGozero  xejia.  C 
yBejiHHeHHCM  y^tentnoH  MoipnocxH  y/ientHbiii  ZMnyjibc  pacxex,  o,i^HaKO,  yBCJiHZHBaexca 
H  xenjioBaa  naxpysKa  na  KOHcxpyKnzK)  3PK.  ripz  3KcnepHMeHxajTLHbix  HccjieflOBaHzax 
xapaKxepzcxHKH  37XH  onpe^ejiajiHCb  b  ninpoKOM  flzanaaoHe  y^^ejiBHbix  MoipHocxen. 
SasHCHMOcxH  yaejiLHoro  HMnyjibca  h  xaroBoro  xna,  nojiyzeHHtie  npz  HcnbixaHzax 
3KcnepHMeHxajii.Horo  oGpaapa  3/17/  Ha  aMMzaKe  npep;cxaBJieHi>i  iia  pzc.  3  h  4. 

B  npopecce  npoBep;eHHa  HCCJiep;oBaHHH  BbiaBJiajiHCb  h  yxonnanzcb  oGjiacxz 
papHonajibHoxo  npaMeHenza  3xhx  p;BHraxeneH.  3xa  3a;i,aMa  pemajiacb  xpa,aHpHOHHbiM 
McxoflOM  cpaBHeHHfl  MaccoBbix  aaxpax  za  BbinojiHCHHe  paajiHZHbix  ^jyHKpzH  ynpaBJienza 
KA  npz  Hcnojib30BaHHH  p;BHraxeaeH  paanzzHbix  XHnoB.  KpHxepzeM  cpaBHeHza  aBJianacb 
cyMMa  Maccbi  pBHxaxeabHOH  ycxanoBKH  h  yBeaHHenna  Maccbi  azeproycxaHOBKH  KA, 
cBaaaHHoro  c  npzMeHeHHeM  paccMaxpzBaeMbix  xhhob  ,z^BHraxeaeH  MaxoH  xarz.  B 
Hacxoamee  BpeMa  onpeB:eji:eHbi  cjieayiomHe  ocHOBiibie  oGaacxH  papHOHajibHoro 
npHMeHeHza  3///],: 

1.  OnepaxHBHoe  npaBepenze,  noAflepacaHze  h  onepaxzBHoe  H3MeHeHHe  xohkh 
cxoaHHa  reocxazHOK[apHbix  KA  Maccoz  /];o  3000  kx  h  cpoKOM  aKxzBHOxo 
cyipecxBOBaHHa  10...  15  nex. 

2.  //oBbiBe^aenze  cpe,HHe-  h  HHSKoopGzxajibHbix  MajiopaaMcpHbix  KA  c  onopHOH 
opGnxbi  (200. ..300  km)  za  paGozyio  (700...  1500  km)  aa  orpazHHeHzoe  BpcMa 
(18. ..60  cyxoK),  zoMep>KazHe  paGozez  opGzxbi  z  cxpyKxypbi  opGzxaabzoz 
rpyznzpoBKz  KA. 

3.  OnepaxzBZbiz  yBop  c  opGzxbi  zezcnpaBZbix  KA. 

KpoMe  xoro,  p;onojiBH;xenbHHZ  3(|)4)eKx  ox  npzMezezza  3///]  Moacex  Gbixb 
aocxzrzyx  npz  zcnoabaoBazzz  zx  b  cocxaBe  KOMGzzzpoBazzbix  //Y,  b  Koxopbix 
ZMeroxca  /tBzraxeaz  opzezxazzz  z  cxaGzjizaazzz  za  rzapaazze. 

TaKHM  oGpaaoM,  peayjibxaxbi  Bbinoazezzbix  k  zacxoauicMy  MOMczxy  zccae,aoBazzz 
cBzj^exejibcxByiox  o  zenecooGpaazocxz  npoBe^ezza  AaJibzezmzx  paGox  no  coapazzio 
3////  z  nocaeB:yion],eMy  zx  zpaKxzzecKOMy  npzMezeHzio. 
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Abstract 


The  paper  deals  with  the  results  of  researches  in  lowering  the  level  of  exhaust 
contamination  of  bipropellant  low-thrust  liquid  rocket  engines  (LTLRE),  including 
the  ones  incorporated  in  propulsion  systems  of  long-term  orbital  stations,  as  well  as 
researches  in  creation  of  arcjets  with  a  low  thrust. 

Presented  are  the  results  of  exper  imental  researches  of  ecological  characteristics 
of  various  LTLREs  with  the  use  of  the  technique  determining  a  quantity  of  condensed 
phase  exhausts  out  of  the  thruster  nozzle  by  the  pulsed  operation.  Testing  was  carried 
out  on  nitrogen  tetroxide  (NTO)  and  unsymmetric  dimethyl  hydrazine  (UDMH), 
hydrazine  and  NTO. 

The  analysis  or  research  results  has  allowed  determining  some  measures  that 
could  favour  the  lowering  of  the  level  of  exhaust  contamination.  The  complex  of 
researches  in  development  of  the  arcjet  (AJ)  with  a  power  of  about  1  kW  on  hydrazine 
is  performed.  In  the  process  of  researches  the  regions  of  the  reasonable  use  of  such 
engines  have  been  determined,  the  designs  of  AJ  major  members  and  assemblies  have 
been  developed,  key  characteristics  of  AJ  prototypes  have  been  experimentally 
determined  and  presented,  the  accessible  level  of  performance  of  such  engines  has 
been  evaluated. 


Experimental  researches  in  lowering  the  level  of  LTLRE  exhaust 
contamination  of  bipropellant  LTLRE 

Increase  of  the  on-orbit  lifetimes  for  the  spacecraft  (SC)  and  development  of 
international  space  stations  (ISS  have  revealed  the  problem  of  contamination  of  SC 
and  ISS  surface  elements  with  combustion  products  of  control  thrusters. 

In  this  connection  KeRC  has  fulfilled  a  great  deal  of  experimental  researches 
aimed  at  the  detennination  of  qualitative  characteristics  of  exhaust  contamination, 
ascertainment  of  the  action  of  various  factors  on  LTLRE  ecological  characteristics  and 
search  for  measures  for  decrease  of  these  exhausts.  About  100  tests  in  all  were 
conducted  on  KeRC  test  facilities  for  serial  LTLREs  that  are  developed  by  the  Design 
Bureau  of  Chemical  Machine  Building  and  Research  Institute  of  Machine  Building,  as 
well  as  for  Experimental  engines  of  KeRC  design. 

These  Researches  on  LTLRE  allow  one  to  infer  that  there  is  a  need  to  use  the 
following  measures  for  the  purpose  of  lowering  LTLRE  exhaust  contamination: 

1 .  Increase  in  the  fuel  combustion  completeness  at  the  expense  of: 

-  introducing  combustion  chamber  out  of  high-temperature  materials; 

-  perfection  of  schemes  of  mixture  formation. 
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2.  Increase  in  LTLRE  dynamic  characteristics  and  the  pertinent  shortening  of 
the  transient  response. 

3.  Optimization  of  the  sequence  of  operation  of  fuel  valves  of  bipropellant 
LTLREs. 

4.  The  substitution  of  fuels  (monomethylhydrazine,  hydrazine)with  a  lesser 
carbon  content  for  the  standard  fuel. 

5.  The  changing  to  ecologically  friendly  fuels  (oxygen-hydrogen,  oxygen- 
methane  etc.). 

The  shortening  of  a  duration  of  the  transient  response  at  the  expense  of  opening 
and  closing  the  valves  and  the  optimization  of  the  sequence  of  opening  and  closing 
valves  for  oxidant  and  fuel  by  start  and  stop  of  the  engine  for  improvement  of  fuel 
combustion  conditions  are  the  most  acceptable  control  methods  for  these  processes 
among  the  above  mentioned,  which  do  not  involve  any  design  modifications  of  the 
engine.  The  improvement  of  the  valves  dynamics  may  be  achieved,  for  example,  due 
to  introducing  the  accelerating  circuit  diagrams  for  the  valves  opening  with  applying 
an  increased  voltage  by  the  engine  starting  with  the  following  going  to  a  nominal 
voltage,  providing  the  valve  holding  in  an  open  state  up  to  the  issue  of  a  command  to 
the  stop. 

The  second  method  can  be  implemented  by  way  of  issuing  commands  from  the 
control  system  to  engine  valves  with  a  required  error  signal  providing  the  best 
ecological  characteristics. 

The  purpose  of  these  researches  was  the  experimental  verification  of  efficiency 
of  some  of  these  measures,  in  particular,  the  error  signal  for  operation  of  fuel  and 
oxidant  valves  by  start  and  stop  of  the  LTLRE  and  substitution  of  hydrazine  for  the 
UDMH. 

The  testing  was  carried  out  with  the  5  versions  of  thrusters  three  of  which  were 
serial  (nominal  thrust  -  25,  100,  129  N)  and  two  -  experimental  (nominal  thrust  -  10, 
100  N). 

Fuel  compositions  used  -  propellant  based  on  nitrogen  tetroxide  (NTO)  with 
fuels  UDMH  and  hydrazine. 

The  technique  for  determination  of  LTLRE  exhaust  ecological  characteristics 
consisted  in  the  direct  measurement  of  a  mass  of  a  condensed  phase  i&om  engine 
exhaust  gases,  which  was  accumulated  in  special  samplers  and  which  characterizes,  to 
a  sufficient  degree,  the  level  of  exhaust  flame  contamination. 

The  engine  was  arranged  in  the  vacuum  chamber  in  upright  position  nozzle 
downwards.  For  collecting  the  condensed  phase  the  special  sampler  was  used  in  the 
engine  exhaust  flame,  which  is  a  cone  with  a  base  diameter  as  high  as  80  or  120  mm 
(Fig.  1),  manufactured  out  of  non-corrosive  foil,  located  in  the  special  holder 
providing  the  stiff  attaching  and  the  quick  removal.  The  holder  was  attached  in  line 
with  the  engine  at  120  to  150  mm  from  the  nozzle  exit  section. 

The  tests  were  conducted  at  an  initial  pressure  as  high  as  approximately  10  Torr 
prior  to  the  first  starting  of  the  engine.  For  collection  of  a  sufficient  quantity  of  the 
condensed  phase  in  the  sampler  in  the  one  test,  1  to  10  actuations  of  the  engine  with  a 
duration  40  to  50  ms  with  a  spacing  interval  between  actuations  from  50  to  100  s  were 
realized. 

As  the  analysis  of  results  of  first  tests  has  revealed,  the  principal  influence  on 
the  quantity  of  exhausts  is  exerted  by  transient  processes  while  the  thruster  is  reaching 
the  mode  and  that  of  its  stop,  when  fuel  combustion  processes  are  following  at 
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unfavorable  mixture  ratios,  therefore  the  exhaust  composition  includes  a  great  deal  of 
high-molecular  products  of  incomplete  fuel  combustion. 

The  dependence  of  the  condensed  phase  mass  precipitated  from  the  thruster 
exhaust  flame  on  the  time  of  valve-opening  lead  for  one  of  valves  (fuel  or  oxidizer) 
during  a  starting  and  valve-closing  lag  during  a  stop  of  the  engine  became  a  results  of 
LTLRE  tests. 

The  results  of  researches  conducted  in  this  line  reveal  the  availability  of  the 
influence  of  a  time  difference  of  valves  opening  and  closing  on  the  level  on  condensed 
phase  exhausts,  in  doing  so,  in  some  cases  a  stable  reduction  of  this  indicator  by  a 
factor  of  1.5  to  2  was  reached.  The  most  dirty  exhaust  is  observed  while  the  thruster  is 
operating  with  the  fuel  excess  by  a  starting  and,  especially,  by  a  stop  of  thrusters, 
when  a  valve-opening  lead  of  the  fuel  valve  by  a  starting  and  a  valve-closing  lag  of 
this  valve  by  a  stop  take  place.  At  the  same  time,  sometimes  a  rather  obvious  result 
could  not  be  gained.  This  circumstance  testifies  that  a  deeper  analysis  of  structural 
features  and  appropriate  working  processes  in  engines  is  required  to  gain  an  insight 
into  this  phenomenon. 

A  significant  effect  is  observed  when  using  hydrazine  instead  of  UDMH.  The 
comparison  of  test  results  for  one  of  thrusters  on  propellants  NTO-UDMH  and  NTO  - 
hydrazine  has  revealed  the  advantage  of  the  use  of  hydrazine  in  the  researched  range 
of  variations  of  the  oxidizer-to-fuel  ratio  0.5  to  0.7,  thereat,  the  level  of  reduction  of 
exhaust  contamination  decreased  by  a  factor  2.5  to  4.5.  The  test  results  obtained  are  of 
preliminary  character  and  will  be  defined  more  exactly. 

The  results  of  tests  carried  out  are  the  first  stage  for  development  of  LTLRE 
certification  methods  by  ecological  parameters. 


BLesearches  in  development  of  low-thrust  arciets 

Recently  Keldysh  Research  Center  focuses  its  attention  on  problems  of 
development  and  researches  of  low-thrust  propulsion  (LTP)  of  new  types,  as  well  as 
on  problems  dealing  with  a  long-term  operation  of  LTP  under  natural  conditions. 

At  present  the  researches  in  development  of  low-thrust  arcjets  (AJ)  on  ammonia 
or  hydrazine  is  one  of  lines  of  works. 

These  works  include  first  of  all  the  development  and  tests  of  experimental 
prototypes  of  thrusters,  as  well  research  in  a  possibility  to  use  the  AJ  in  the  spacecraft 
control  systems.  The  AJ  is  considered  as  falling  in  the  category  of  electrojet  engines, 
although  by  operation  of  the  AJ  on  hydrazine  not  only  the  on-board  electric  power  is 
used,  but  also  the  chemical  energy  of  hydrazine  decomposition.  AJ  takes  an 
intermediate  place  between  thermocatalytic  and  resisto  jets,  on  the  one  hand,  and 
stationary  plasma  and  ion  thrusters,  on  the  other.  The  propellant  in  AJ  is  heated  by  an 
electric  arc  burning  between  the  cathode  and  anode  and  accelerated  in  the  supersonic 
nozzle.  At  the  expense  of  propellant  heating  in  an  arc  up  to  mass  average  temperatures 
of  3000  to  5000  K  and  higher  one  can  reach  high  exhaust  velocities  and,  respectively, 
high  values  of  the  specific  impulse. 

By  operating  on  hydrazine  or  ammonia  the  AJ  has  the  ability  to  provide  the 
specific  impulse  as  high  as  4000  to  6000  m/s,  by  using  hydrogen  -  10,000 
to  20,000  m/s.  The  thrust  level  realized  by  AJ  is  defined  firstly  by  the  quantity  of 
electric  power  supplied  and  may  comprise  a  few  grams  to  a  few  tens  of  grams  at  a 
thrust  cost  3  to  10  kW/N.  The  thrust  efficiency  characterizing  the  efficiency  of 
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conversion  of  electric  power  to  kinetic  energy  of  the  gas  flow  producing  a  thrust  may 

amount  to  25...35  %  for  the  low-thrust  AJ. 

Such  a  level  of  parameters  can  give  a  gain  as  compared  with  other  types  ot 
thrusters  in  missions  of  maintenance  of  the  spacecraft  on  orbit,  changing  the  orbit  and 

manoeuvring.  e  u  a 

The  most  promising  problem  in  this  line  is  the  development  or  the  d.c. 

hydrazine  AJ  with  a  power  of  about  1  kW.  Such  a  level  of  power  has  been  chosen 
from  the  condition  of  the  compliance  with  a  disposable  power  of  many  spacecraft, 
thereat  an  AJ  thrust  comprises  from  0.1  to  0.15  N.  Selection  of  hydrazine  as  a 
propellant  is  defined  by  its  wide  application  in  propulsion  systems  of  various 
spacecraft,  as  well  as  by  its  "universal"  properties  allowing  making  combined 
propulsion  systems  with  hydrazine  thrusters  of  various  types. 

The  principal  configuration  of  the  thruster  is  presented  in  Fig.  2.  The  power 
supply  source  of  the  arc  forms  the  volt-ampere  characteristic  necessary  for  stable 
operation  of  the  thruster.  When  the  thruster  is  turned  on,  a  pulsed  voltage  of  some 
kilovolts  is  applied  to  electrodes  for  initiation  of  an  arc  discharge.  The  thermocatalytic 
decomposition  assembly  serves  for  the  supply  of  "hot"  decomposition  products  to  the 
discharge  chamber  inlet.  The  main  parts  of  the  discharge  chamber  pC)  are  the 
cathode,  the  anode-nozzle,  the  assembly  of  propellant  supply  to  the  interelectrode 
space,  insulators  and  seals. 

By  results  of  research  of  various  DC  configurations  the  demonstration  prototype 
of  the  thruster  was  made,  and  its  performance  was  experimentally  determined.  In  the 
process  of  the  research  the  following  problems  were  solved: 

-  the  reliable  ignition  of  the  arc  discharge  by  the  startup  and  its  stable 

combustion  in  the  stationary  mode  of  operation  were  provided; 

-  the  optimization  of  configuration  of  the  interelectrode  space  and  nozzle 
contour  that  provided  the  operation  of  DC  in  the  mode  with  a  high  specific  impulse 
and  the  minimum  electrodes  erosion  has  been  performed, 

-  structural  materials  have  been  selected  for  electrodes,  insulators  and  seals, 
appropriate  assemblies  have  been  manufactured,  their  serviceability  in  high  operating 

conditions  has  been  experimentally  verified. 

For  the  AJ  prototype  developed,  the  following  characteristics  are  acquired. 

power  consumption . 0.8. ..1.5  kW 

thrust . 0.1...0,26N 

specific  impulse . 3500. ..4700  m/s 

thrust  effieiency . 28. ..32  % 

thrust  cost .  5.8...8.0  kw/N. 

In  the  process  of  life  tests  now  being  conducted  the  operating  time  of  the 

thruster  more  than  20  hours  has  been  achieved. 

The  value  of  the  AJ  specific  impulse  is  substantially  dependent  on  a  specific 
power,  i.e.  on  a  power  per  an  unit  propellant  flow.  With  the  increase  of  specific  power 
the  specific  impulse  grows,  however,  the  heat  demand  of  DC  structure  increases  too. 

In  the  experimental  research  the  DC  characteristics  were  determined  in  the  wide 
range  of  specific  powers.  Relations  for  specific  impulse  and  thrust  efficiency, 
obtained  by  tests  of  the  AJ  experimental  prototype  on  ammonia,  are  shown  in  Figs.  3 

and  4.  , ,  i-  •  r 

In  the  process  of  performing  the  tests  the  regions  of  reasonable  application  ot 

these  thrusters  were  being  revealed  and  defined  more  exactly.  This  problem  was  being 
solved  by  the  traditional  method  consisting  in  the  comparison  of  mass  expenditures 
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for  fulfilment  of  various  functions  of  SC  control  when  using  thrusters  of  various 
types.  The  comparison  criterion  was  a  sum  of  the  propulsion  system  mass  and  a  rise  in 
a  SC  power  system  mass  caused  by  application  of  low-thrust  jets  in  hand.  At  present 
the  following  main  regions  of  the  reasonable  use  of  AJs  have  been  determined: 

1 .  Operative  insertion,  maintenance  and  operative  change  of  the  station-keeping 
of  the  geostationary  spacecraft  with  a  mass  up  to  3000  kg  imd  the  on-orbit  life-time 
of  10  to  15  years. 

2.  The  orbit  raising  of  the  middle-and  low-orbit  small-size  spacecraft  from  the 
reference  orbit  (200. ..300  km)  to  the  operating  one  (700...  1500  km)  during  a  restricted 
time  (less  than  18. ..60  days),  maintenance  of  the  operating  orbit  and  the  structure  of 
SC  orbital  constellation. 

3.  Operative  de-orbiting  of  the  faulty  spacecraft. 

Besides,  an  additional  effect  due  to  the  AJ  use  may  be  achieved  by  the  use 
thereof  as  an  integral  part  of  combined  propulsion  systems,  in  which  there  are 
thrusters  on  hydrazine  for  orientation  and  stabilization. 

In  such  a  manner,  the  results  of  research  that  is  fulfilled  to  date  are  indicative  of 
advisability  of  performing  the  next  works  on  AJ  development  and  their  practical 
application. 
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TexHuraecKHH  o6jihk  3 PA  Majiiwx  KA 

Hhcjiob  r.O.,  rapKyiiia  B.H.,  CeMeHKHH  A.B.,  TBepfloxjie6oB  C.O. 

UHHHMam 

141070,  r.  Kopoj[6B  Mockobckoh  o6jiacTH, 
yji.  riHOHepcKaH,  fl.4 
Teji.  513-54-20 

BaxcHOH  TeH^^eHUHeH  Ha  coBpeMCHHOM  3Tane  paaBHTHJi  KocMnnecKOH 
TexHHKH  5iBJi5ieTCH  Bce  pacmHpaiomeecM  HcnojibaoBaHHC  Majibix  KA, 

HCn0JIb30BaHHe  KOTOpbIX  JXSLCT  BOSMOXCHOCTb  CHH3HTb  CTOHMOCTb 
BbinojEHeHHa  Hejioro  paB,a  npaKTHHecKH  BaxcHbix  3aflaH.  TaKHMH  3azi,aBaMH, 
HanpuMep,  MoiyT  6biTb  -  rjioSajibHbiH  MOHHTOpHHr  Scmjih,  raoSajibHaii 
Mo6HjibHaa  cB5i3b.  Hcnojib30BaHHe  3PA  peiueHna  TaKHX  3aB,aH 

nOSBOJiaeT  CymeCTBeHHO  nOBbICHTb  3(|)4)eKTHBHOCTb  HX  BbinOJIHCHHH,  jih6o 
yBejiHHHTb  cpoK  cjTyxcSbi  KA. 

3jieicrpopeaKTHBHbie  flBHraTejiH  c  aHO^HbiM  cjioeM  (flAC), 
pa3pa6aTbiBaeMbie  b  I^HMHMani,  HMeioT  yjiyqmeHHbie  SHeproMaccoBwe 
xapaKTepHCTHKH,  niHpoKHH  B;Hana30H  peryjiHpoBaHHa  napaMeTpoB  h 
aocTaTOHHo  BbicoKHH  nporH03HpyeMbiH  pecypc.  yjiyHineHHe  napaMCTpoB 
flocTHracTCH  3a  cbct  6ojiee  coBepiueHHOH  opraHH3ai],HH  paOoBero  nponecca 
B  flBHraxejie  h  npHMeneHHeM  HanOojiee  nporpeccHBHbix  KOHCTpyKxopcKHX  h 
TexHOJiornBecKHX  pemeHHH.  ^i^AC  hobbojihiot  peajiH30BaTb  ypoBCHb 
yaejibHoro  HMnj^jibca  1500-2500  ceK,  HeoOxoflHMbiH  flJiH  ocymecTBJieHHa 
xpaHcnopTHbix  onepanHH  b6jih3H  SeMJiH. 

npH  anajiHse  npoei<:xHoro  oOjiHKa  3PAy  ww  Majiwx  KA  hcoOxoahmo 
yHHXbiBaxb  orpaHH'ieHHfi  no  /lonycxHMOMy  ypOBHio  moiuhocxh,  oxbo^hmoh 
Ha  4)yHKnHOHHpoBaHHe  AY,  a,  cjre^ioBaxejibHO,  h  caMoro  B:BHraxejiH. 

B  flOKJiafle  o6cyxg];aexca  xexHiwecKHH  o6jihk  3PAY  Majioro  KA 
“Mo^[yjib-M”,  aanycicaeMoro  c  6opxa  ODC  MHP  h  sjieKxpopaKexHoro 
flBuraxejia,  paapaOoxanHoro  b  Ll,HHHMaiu,  jijin  BbinojiHeHHa 
xpaHcnopxHOH  aimann  KA. 
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IlepcneKTHBbi  npHiMenenHa  hohhmx  h  xojijiobckhx  ABHraxejiefi 
iwajiOH  MoumHocTH  B  cocxaBC  MajiOMaccoraSapHTHbiix  KA  hobofo  noKOJiCHHa 

B.Akhmob,  A.ra(|)apoB,  O-FopuiKOB,  H.Orjio6jiHHa 
UccjieAOBaTeAbCKHH  IJ,eHTp  hm.  M.B.KejiAwma 
125428,  r.MocKBa,  OHe^ccKaa  yji.,  8/10 
(DaKc  ;(095)  456-82-28 

Pe4)epaT 

Pe3Koe  pacuiHpeHHe  paOox  b  MHpe  b  iiocjieAHee  Bpeivia  no  cosAannio  n 
HcnojibSOBaHHK)  Majibix  KocMHnecKHx  annapaxoB  c  Maccoii  AscaxKn  h  coxhh  KHJiorpaMMOB 
BbiaBHJio  noxpeGnocxb  b  ojieKxpnnecKHx  ABnraxejiax  c  hhskhm  ypOBHCM  onepronoxpeGneHHK 
-  Mcnee  500  Bx.  HanOonbmeH  a^x^eKXHBHOCxbio  b  flannoM  Ananasone  moiuhocxh  oOjiaAaiox 
HOHHbie  H  xojiAOBCKHe  ABHxaxejiH,  nosBonaiomHe  nojiy^iaxb  MaKCHManbH0-B03M0>Kxrbie 
CKopocxH  HCxeneHHa  paOonero  xena  b  conexannH  co  cpasHuxeiibHo  BbicoKHMH  ananeHnaMH 
KII^.  3xh  ABtiraxejiH  Moryx  ycneinno  npHMeHsxbca  aah  pemennH  oAHHaKOBbix  saAan  b 
KOCMOce,  a  npeAnonxcHHe  xoiviy  hah  HHOMy  xnny  ABHraxena  Moacex  6bixb  oxAano  ah6o, 
HcxoAa  H3  xpe6oBaHHH  onepaxHBHOcxH  pemcHHa  aaAaan,  b  aacxHOCXH,  b  saAaae 
AOBbiBeACHHa,  ah6o  OyAex  onpeAejiaxbca  bhcoxoh  paGoaen  opGHXbi  cnyxHHxa  (3aAaaa 
napnpoBaHHa  aapoAHHaMHaecKoro  conpoxHBACHHa),  B  paGoxe  npcAoxaBACHbi 
xapaKxepHCXHKH  HccACAyeMbix  b  lJ,eHxpe  KeAAbiuia  3PF1  ManoH  moui;hocxh  -  5-cm  h  10-cm 
HOHHbix  ABHraxcAen  MomHOCXbio  50-500  Bx,  a  xaicace  xoaaobckhx  ABHraxeACH  xax  c 
HpOXaaceHHOH  (cxanHOHapHblH  nAa3MeHHbIH  ABHXaxeAb),  XaX  H  C  KOpOXKOH  30HaMH 
ycKOpcHHa  (ABHxaxeAb  c  anoAHbiM  caocm)  b  AwanaaoHe  noxpeOAaeMOH  moiuhocxh  100- 
500  Bx. 


1.  Bbcachhc 

B  nocACAHee  spcMa  anaanxeAbHO  Bbipoc  HHxepec  k  aAeKxpHuecKHM  paKexHbiM 
ABHraxcAAM  (3PX1)  MauoH  MOIUHOCXH  (<  1  kBx).  3x0  aB.naexca  cacacxbhcm  oahoh  h3 
BCAyiUHx  xeHACHUHH  coapeMCHHoro  3xana  kocmhucckoh  AeaxeubHocxH  b  MHpe  -  peaxoro 
pacHiHpeHHa  paGox  no  coauanHio  h  HcnoAbaoBaHHio  Maubix  KocMHuecKHx  annapaxoB  (MKA) 
HOBoro  noKOACHHa.  ;®:ecxKHe  orpaHHucHHa,  HaKAUAbraaeMbie  na  bccoboh  6K)A>Kex 
BcnoMoraxcAbHbix  chcxcm  MKA,  h  cxpeMACHHe  yBeAHUHXb  cpoK  aKXHBHoro  cymecxBOBaHHa 
annapaxa  aacxaBAaiox  Gouee  akohomho  HcnoAbaosaxb  xon.nHBo  peaxxHBHbix  ABHraxeAefi 
CHCxcMbi  ynpaBACHHa  ABHaceHHeM  MKA.  IIoaxoMy  cxanoBHxca  qeAecooGpasHbiM 
HcnoAbaoBAHHe  OAeKxpHuecKHx  paxexHbix  ABHraxeuefl  bmbcxo  uiHpoKo  npHMenaeMbix 
XHMHUeCKHX  ABHraXCUeH  MHAOH  XaXH, 

IloAoacHxeAbHbiH  34>(|)eKx  ox  HcnoAb30BaHHa  3PJ1  npoaBAaexca  BCAeACXBHe  Gouee 
BbicoKOH  CKopocxH  HcxeueiiHa  paGoaero  xeaa  no  cpaBHCHHio  c  xHMHaecKHM  ABHraxeACM. 

Oahako,  no  Mepe  yBCAHaeiiHa  yueAbHoro  HMnyAbca  xara  pacxex  xpeGycMaa 
MouiHOCxb  ABHxaxeAa  npn  <|)HKCHpoBaHHOH  BCAHaHHe  XHXH.  3x0  BCACx  K  pocxy  Beca 
GopxoBoro  HCxoaHHKa  OACKxponHxaHHa  h  SHeproABHraxeAbHoro  MOAyua  b  hcaom.  rioaxoMy 
cyiuecxByex  nonaxue  onxHMaxbHoro  yACAbHoro  HMnyAbca  xarn,  cooxsexcxByioiuee 
MHHHMyMy  Maccbi  3HeproABHraxeAbHOH  ycxanoBKH.  flAa  GoAbuiHHCxBa  npaKXHaecKH 
HHxepecHbix  3aAaa  b  HacxoaiuHH  momchx  noxpeGHbiH  yACAbHbiH  HMnyAbc  xani  naxoAHXca  b 
AHanaaoHe  1000  -  3000  c. 


OTopUIKOB 


HaH6ojii>uiee  KOJinnecTBO  MKA  HOBoro  noKOJiCHHB  coaflaexca  fljia  pemcHHa  sajjaa 
CBasH,  xeaeKOMMyHHicaiiHH  h  jDiHCxaHUHOHHoro  aoH^HpoBaHHa  Scmjih.  XapaKxepHtie  Maccbi 
MKA  CBasH  H  ^^HCxaHpHOHHOXo  30H,xHpoBaHHa  Haxoflaxca  b  ;];Hana30He  250-750  kt.  C 
yqexoM  cospeMCHHoro  ypoBHa  3Hepr0B00pya<eHH0CXH  KA  -  1  Bx/kx  h  nepcneKXHBti  pocxa 
3X0X0  noKasaxena  xio  2  -  3  Bx/kx  momcho  pacqHXbiBaxt  Ha  BBi^ejiCHHe  fljia  Hyacji, 
3JieKxpopaKexHOH  ABuraxeabHOH  ycxanoBKH  (3P^y)  moihhocth  b  npe;^ejiax  50  -  750  Bx. 

IlpoBe/ieHHbiH  B  Li;eHxj:)e  Kejiflbima  anajiHs  o^^ckthbhoxo  npHMeHeHHa  3PJ\  b 
cocxaBC  MKA  noxasaji,  hxo  3PJl,y  Ha  Oaae  hohhwx  ;!i;BHxaxeaeH  hmbiox  MHHHMajibHyio 
Maccy  npH  pemcHHH  aa^an,  xapaKxepiaayionjiHxca  naOopoM  OojibuiHx  cyMMapHbix  HMnyabcoB 
xaxH  (xapaKxepHcxHHecKHx  CKopocxeii)  h,  kbr  npaBUJio,  npii  oxcyxcxBHH  oxpaHmeHUH  na 
BpeMa  BbinoJiHCHHa  onepaHHH  \  K  xbkhm  3aa:aHaM,  b  hbcxhocxh,  oxHocaxca: 

•  napHpoBaHHC  aapoaHHaMHHecKoxo  conpoxHBneiiHa  HHSKOopOnxajibHbix  KA 
flHCxaHHHOHHoro  30H,aHpoBaHHa  SeMitH  c  xapaKxepHOH  bwcoxoh  nojiexa  300-500  km; 

•  ;^OBbIBefleHHe  MKA  c  hhskoh  onopHoft  opOHXbi  bwcoxoh  300-500  km  na  paGonyio 
opOHxy  700  -  1500  km  h  cnycK  c  paGoneiH  opGnxbi  b  axMOc4)epy  Scmjih; 

•  KoppeKHHa  opOHXbi  jiei’KHx  xeocxaHHOHapHbix  KA  c  Maccofi  Menee  1000  kx. 

XapaKxepHbiH  ypoBCHb  y/teabHOxo  HMnyjibca  xaxH  hohhwx  flBHxaxenefl,  npHHHXbm  bo 

BHHMaHHe  HpH  HpOBefleHHH  aH£uiH3a,  paBHajica  3000  c. 

OsHaKO,  npH  4)HKCHpOBclHHOH  MOHIHOCXH  3Pfl|  OoJIbUIHM  yaCJIbHblM  HMHyabcaM  xaxH 
cooxBexcxByex  MCHbuiaa  xaxa  h  HaoOopox.  npH  cpaBHHMWx  SHaneHMax  Krm  ypoBCHb 
pa3BHBaeMOH  xaxH  flBHxaxeiia  xranpaMyio  cBaaan  c  onepaxHBHocxbfo  BbinonncHHa  onepaHHH. 
no3X0My  c  yBeaHHCHHCM  yaenbHoxo  HMnyjibca  xaxH  BpeMa  BbinojiHCHHa  onepauHH  pacxex, 
x.e.  onepaxHBHOCxb  naflaex. 

rioaxoMy  npH  HajiHHHH  oxpaHB[HeHHH  Ha  BpeMa  BbinojiHCHHa  ManeBpOB  MKA 
cxaHOBHXca  Henecoo6pa3HOH  paGoxa  3PA  npn  6ojiee  hh3koh  cKOpocxH  HcxenenHa  paGonexo 
xeaa  h  6ojiee  bwcokoh  xaxe,  hxo  hosbokhx  noBwcHXb  onepaiXHBHOcxb  pemeHHa  aanan  npH 
OHHHaKOBOH  noxpeOjracMOH  HBHxaxejiaMH  MontHOCXH.  KpoMe  3xoxo,  naa  pemeHHa 
HeKoxopbix  xaaaH,  b  HacxHOCXH,  HJia  icoMneHcaHHH  aapoHHHaMHHecKOxo  conpoxHBjieHHa 
HH3KOopf)HxajibHbix  ICA  OHXHMajibHaa  BejiHHHHa  yflenbHOxo  HMnyjibca  Moacex  6bixb  Menee 
2000  c  ,  x.e.  HHace  HHanaaoiia,  HaHOoaee  npennoHXHxejibHOxo  ana  hohhwx  HBHxaxenen. 

B  3XHX  cjiynaax  Moacex  6wxb  onpaBaaHHWM  npHMeneHjfe  3Pfl  xojijiobckoxo  xnna,  jim 
Koxopbix  cHHxaexca  ocBoeHHWM  nnanasoH  H3MeHeHHa  yneabHOxo  HMnyjibca  1000  - 
2000  c. 

B  flaHHOH  paSoxe  EwnojiHeH  anajiHa  34)4)eKXHBHOCXH  npHMeneHHa  3PJI  MajiOH 
MouiHOCXH  Ha  Majibix  KOCMHHecKHX  annapaxax  paaaHHHOxo  peaeBOxo  RaxHanenHa  . 
npeHCxaBjieHw  xaicace  xapaKxepHCXHum  uccjieHyeMwx  b  L],eHxpe  KejiHwma  KceHOHOBwx  3Pfl 
MajiOH  moihhocxh  -  5-cm  h  10-cm  hohhwx  HBHxaxejieii  MomHOCxbio  50  -  500  Bx,  a  xaioKe 
xojuiOBCKHX  HBHxaxenefi  kbk  c  npoxaaceHHOH  (cxaHHOHapnwH  njiaxMCHHbiH  HBHxaxejib),  xaK 
H  c  KopoxKOH  30HOH  ycKopeHHa  (flBHxaxejib  c  aHOHHbiM  caoeM)  B  HHanaxoHe  noxpeSaaeMOH 
MomHocxH  100-500  Bx. 


OPopUIKOB 
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2.  3(|)(|)eKTHBH0CTI>  npHMeHeHHil  3PII  HH3K0fi  MOmHOCTH 
Ha  MICA  paajiHqHoro  uiejieBoro  HasHageniig 


2.1.  KoMncHcanHa  aapoAHHaMHnecKoro  conpoxHBjieHHa  HHSKOOpGHxajibHwx  MKA 
^tHCXaHUHOHHOrO  XOHflHpOBaHHJI  3eMJIH 

HaH5ojiee  3$4)eKXHBHO  AaHnaH  xa/iana  peuiaexca  c  noMoipbio  3P/],.  o6ecneHeHn« 
MHHHMyMa  cyMMapHOH  Maccbi  3HeproABHraxejibHOH  CHCxcMbi  Heo6xoflHMO  BbiGpaxb 
paUHOHajIbHblH  XHH  3PXt,  OHXHMaUbHbie  SHaHeHHB  MOmHOCXH  Nonx  H  yflCUbHOrO  HMIiyjIbCa 
XflXH  (  I  y^.  )Qf].j-  . 

Moxcho  noKaaaxb,  hxo  (Iy;];)onT  He  aasHCHx  ox  BejiHHHH,  xapaKxepH3yiomHx 
3Hepronoxpe6jieHHe  pejicBbix  CHCxeM  h  pasMepbi  KA,  cjiejioBaxejibHo,  h  Maccy  KA,  a 
onpe.aejiaK)xca  xoju>ko  ypoBHCM  3HeproMaccoBoro  coBepmeHcxBa  sjieivieHXOB  anepro- 
flBHTaxeJIbHOH  CHCXCMbl  (3/^C),  CpOKOM  aKXHBHOFO  CymCCXBOBaHHS  KA  H  BbICOXOH  Op6HXbI 

(H). 

B  xa6jiHpe  1  npe.AcxaBJieHbi  peayjibxaxbi  pacnexoB  ,a,jix  SHaneHHH  KITfl^  35%  npH 
y^aejibHOM  HMnyjibce  1300  -  1500  c  (paOoHHH  fluanaaoH  xojijiobckhx  /iBHraxenefi  Manoil 
mouihocxh)  h  45%  npH  yaejibHOM  HMiiyjibce  3000  -  3500  c  (paOoHHH  jiHanaxoH  hohhmx 
ziBHraxeneH  MajiOH  moiuhocxh).  Opchkh  BbinojiHCHbi  fljia  ycjioBHH  MaKCHMajibHofi 
HJioxHocxH  axMoc^epbi  npH  yaejibHOH  Macce  371C  100  kf/kBx  ^Byx  BapHaHxoB 
yflejibHOH  MOIUHOCXH  cojiHCHHbrx  Oaxapeii  (Nce)  b  kohuc  pecypca  100  h  200  Bx/m^.  CpOK 
aKXHBHOFO  cymecxBOBaHHB  KA  -  5  jiex. 

Ta6nHHa  1 . 


OnxHMajibHbie  napaMexpbi  3PJ]|  ujia  pasjiHHHbix  opOnx  KA 


(Iyu)onT3  c 

1300 

1500 

3000 

3500 

H,  km 

Ncb'^  100  bx/m^ 

300 

320 

400 

440 

Ncb  =  200  bx/m’^ 

280 

290 

350 

390 

Noirr,  Bx 

Nc5=  100  bx/m^ 

230 

_ 

210 

95 

50 

Nce=  200  bx/m^ 

310 

280 

130 

65 

Ha  xaGjiHUbi  bhuho,  hxo  na  Bucoxax  okojio  300  km  iiejiecooSpasHo  npHMCHeHHe 
XOJIJIOBCKHX  flBHFaxejiCH,  a  Ha  Bbicoxax  okojio  400  km  -  hohiibix  uBHxaxejieH.  npHHCM  ubh 
npHHBXbix  ycjiOBHH  sauaHH  onxHMajibHaa  MoiiiHOcxb  ujih  xojijiobckhx  UBHxaxejieH 
cocxaBjiaex  Gojiee  200  Bx,  a  am.  hohhmx  uBHFaxejieii  -  Mcnee  150  Bx. 

TaKHM  oOpaaoM,  opcHKa  napaMcxpoB  3P^y,  napnpyiomeH  aapopHHaMHHCcKoe 
COnpOXHBJICHHe  HH3KOOp6HXajIbHbIX  KA,  CBHpexeJIbCXByeX  O  XOM,  hxo  B  XaBHCHMOCXH  ox 
Bbicoxbi  paGoHCH  opOnxM  KA  mojkcx  6bixb  onxHMajibHMM  KaK  npHMeHCHHe  xojijiobckhx, 
XaK  H  HOHHbIX  UBHFaxejICH  MajIOH  moiuhocxh. 


O.ropiKKOB 
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2.2.  ^0BHBe,a;eHHe  na  padonyio  opGHxy  h  y^ajiCHHe  c  nee  MKA  HH3KOop6HTajii.Hbix 

CBflSHWX  CHCTCM 

Becb  KOMnjiCKC  aa^tan,  pemaeMMx  /l|y  cnyxHHKa,  Bxoflflmero  b  HH3Koop6HTajii>HyK) 
CBflSHyio  CHCTCMy,  pacnaflaexcB  Ha  jxbsl  6.xoKa: 

KoppeKHiia  napaMexpoB  paGoHeii  op6HXbi,  BKJiiOHaa  KOMneHcaHHio 
a3poflHHaMH^ecKoro  conpoxHBjieHiia,  noflflepacaHHe  napaMexpoB  oxHOCHxejiBHoro 
nojiOMceHHfl  B  op6HXimi>HOH  rpynnHpoBKe  h,  b  pme  cjiynaes,  no^aflepacaHHe  napaMexpoB 

COJlHeHHO-CPfflXpOHHblX  op6Hx; 

BHHonHeHHe  Me5Kop6Hxajii>HHx  nepexoflOB,  BKjHonaa  flOBbiBeaeHHe  na  paSonyio 
op6Hxy  H  cnycK  c  nee  oxpaGoxaBuiHX  cnyxHHKOB. 

rioMHMO  cymecxBeHHoro  ^ynKpHonajibHoro  paajiHqna  3xh  .asa  6jioKa  3a.a(aH  flY 
SHaiHxejibHO  (6ojiee  hcm  na  nopaaoK)  oxjinnaioxcfl  no  noxpe6HbiM  jihsl  hx  pemeHHfl  3anacaM 
xapaKxepHCXHxecKOH  CKOpocxH  flY. 

CyMMapHbie  aaxpaxbi  xapaKxepHcxunecKOH  cKOpocxH  na  KoppeKHHio  napaMexpoB 
paGonen  opGuxbi  cnyxHHKOB,  Bxoaamnx  b  HH3Koop6HxajibHbie  cncxeMbi,  naxo^axca  na 
ypoBHe  4  m/c  b  toji,  h  aaace  npn  CAC  =  8  jiex  ne  npesbicax  30  m/c. 

XapaKxepHbiMH  paOoHHMH  BbicoxaMH  fljifl  HHSKOopGnxajibHbix  CBaxHbix  cncxeM 
aBJWioxca  Hp  =  800,  1500  h  2000  km,  HeoOxoflHMbie  «jia  cnycxa  c  xaKHX  opOnx  na  Bbicoxy 
200  KM  aanacbi  xapaKxepHcxHnecKon  cKopocxn  ^Y  cocxaBJiaiox  cooxBexcxBenno  AV  =  333, 
672  H  888  m/c.  Ecjih  npHHflXb,  nxo  HSMeHeHne  bhcoxw  npn  ManeBpe  flOBbiBe.aeHHa 
cocxaBjiaex  200  km  He3aBHCHMO  ox  bhcoxh  paOonen  opOnxbi,  xo  cyMMapHbin  xanac 
xapaKxepHcxnqecKOH  CKOpocxn  Ha  BbinojiHCHHe  Me>Kop6HxajibHbix  nepexoaoB  ajih 
npHHaxbix  Bbime  bwcox  paOonHX  op6HX  cocxasHx  AV  =  440,  764  h  972  m/c. 

Cjieflyex  xaKXce  oxMexnxb,  nxo  peajiHxaHna  onncaHHWx  Bbime  .HByx  Gjiokob  aasan 
6opxoBOH  /lY  ^lOjiacHa  oc^ecxBjiaxbca  npn  cymecxBCHHO  oxjiHHHbix  peacHMax  pa6oxbi 
CHCxeM  cnyxHHKa.  Ecjih  BbinojineKHe  3a,nan  nepBoro  6jioKa  npoHCxojjHx  b  nepnoa  mxaxHoii 
paOoxbi  nejieBOH  annapaxypbi,  aBJiatoineiica  ochobhmm  noxpe6HxejieM  aneprHH,  xo  npn 
BbinojiHeHHH  sajjan  Bxoporo  6jioKa  pa6oxa  HeneBoii  annapaxypbi  He  ocymecxBuaexca, 
Gjiaroflapa  ncMy  HMeexca  peaep®  ojieKxpHnecKOH  aneprHH. 

C  ynexoM  onHcaHHWX  Bbime  o6cxoaxejibcxB  Gopxoaaa  ^^Y,  pemaiomaa  Becb  KOMnjiCKC 
saABH,  cxoamHX  nepea  cnyxHHKOM  iiHSKoopGHxajibHOH  CBasnoH  chcxcmm,  nejiecooOpasHO 
4)opMHpoBaxb  H3  AByx  HacxeH,  Kaacj];aa  h3  Koxopbix  pemaex  o/^HH  6jiok  xajian  h3  oGmero 
KOMiuieKca.  TaKOH  nojixofl  peajiHSOBan  b  flY  cnyxHHKOB  IRIDIUM. 

U^i^ckxhbhocix.  npHMCHeHHa  paxjmnHbix  xhhob  3Pfl  MajioH  moibhocxh  npn 
BbinoaHeHHH  MeacopOHxajibHwx  nepexopoB  paccMOxpHM  na  npHMepe  KA  rjio6ajibHOH 
CHCxeMbi  cBasH  IRIDIUM.  B  coBpeMCHHOM  sapHanxe  nepBoro  noKOJienna  KA  Maccofl  ~ 
660  Kx  aajiana  poBbiBeaeHHa  KA  na  paOonyio  opOnxy  h  cxo^a  c  nee  nocjie  oxpaGoxKH 
pecypca  pemaexca  BJieKxpoHarpeBHWM  jiBHxaxejieM  (3H^)  MoaenH  MR-501  KOMnaHHH  Olin 
Aerospace  c  MaKCHMajibHoft  iioxpeGjiaeMoii  MoumocxbK)  510  Bx,  y^ejibHbiM  HMiiyjibcoM 
280  c  H  xaroH  330  mH.  UpH  Bwcoxe  op6HXbi  aocxasKH  KA  paKexoii-HOCHxejieM  H  =  500  km  h 
Bbicoxe  paOoneH  op6HXbi  H  =  780  km  noxpeGnaa  xapaKxepHcxmiecKaa  CKopocxb  na 
flOBbiBeflCHHe  c  noMombK)  6opxoBOH  1]|Y  cocxaBJiaex  ~  160  m/c.  J\s\si  npefloxapamemia 
aacopeHHa  KOCMHHecKoro  npocxpancxBa  oxpaOoxaBmHe  pecypc  KA  /tojiacHbi  nepeaoflHXbca 
Ha  HHSKyio  op6Hxy,  nxo  xpe6yex  jjonojiHHxenbHbix  aaxpax  xapaKxepHcxHnecKOH  CKOpocxH 
OKoao  260  m/c.  Tbkhm  o6pa30M,  cyMMapHbie  saxpaxw  xapaKxepHCXHnecKOH  cKopocxH  na 
BbinojiHCHHe  MexcopOHxajibHbix  nepexoflOB  Moryx  flocxHxaxb  420  m/c,  nxo  cooxBCxcxsyex 
cyMMapHOMy  HMnyjibcy  xarn  ~  280  kHc. 


O.FopinKOB 
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B  xaGjiHue  2  npHseaetM  cpaBHHTejibHbie  opchkh  xapaKxepHcxHK  flBHxaxejibHOH 
ycxaHOBKH  KA  IRIDIUM.,  o6ecneqHBaK)meH  Me5Kop6HxajTi>Hi>ie  nepexoflbi,  npH 
HcnojibsoBaHHH  aneKxpoHarpeBHoro  BBuraxejia  (3H/1,),  ajieKxpojiyroBoro  flBHxaxejia  (3AA), 
cxauHOHapHoro  njiasMCHHoro  aBHraxena  (CIl/^)  h  hohhoxo  .aBHraxejia  (H^)  npn 
OAHHaKOBOH  noxpeGaaeMOH  moiphocxh  /IY  N  =  510  Bx  (KIT,!!,  CHcxcMbi  npeoOpasoBaHHa  h 
ynpaBACHHa  3JI,/I,  Cim,  npHHsx  paBHbiM  0,9;  yflejibHaa  Macca  6aKOB  c  pa6oTOM  xeaoM 
npHMxa  paBHOH  y„=  0,09  am  3Hfl,  h  y  =  0,12  aab  CITJ^,  HJ3,). 

TaGAHpa  2 

XapaKxepHCXHKH  3P,Hy  aah  BbinoAHenHa  MexcopOHxaAbUbix  nepexoAOB  cnyxHHKa 

IRIDIUM 


Thh  3P/1 

cnfl 

Bm 

MomHOcxb  /lY,  Bx 

510 

510 

510 

510 

Momnocxb  3P^,  Bx 

510 

460 

460 

460 

YAeAbHWH  HMIiyAbC,  c 

280 

500 

1200 

2500 

Krm3P;) 

0,8 

0,33 

0,36 

0,5 

Tara,  mH 

330 

62 

28 

19 

Macca  paSonero  xena,  kf 

100 

58 

24,8 

12,0 

Cyxaa  Macca  3P/],Y,  kf 

10 

9,6 

12,5 

18,8 

UoAHaa  Macca  3P)[1,Y,  kf 

110 

67,6 

37,3 

30,8 

PeaepB  no  Macce  3P)](Y,  kf 

0 

42,4 

72,7 

79,2 

BpcMa  nepexoAa  c  op6HXbi 

H=  500  KM  Ha  opbHxy  =780  km,  cyx. 

19 

42 

62 

BpcMa  nepexoAa  c  op6Hxw  paxMemcHHa  pexepBHWx  KA 

H=650  KM  Ha  opGnxy  H=780  km,  cyx. 

8,8 

19,6 

28,9 

BpcMa  criycKA  c  opbHxw  H=780  km  ha  op6Hxy  H=300  km,  cyx. 

32 

71 

105 

rioxpeGHbiH  pecypc,Hac.  (AAaAV=420  m/c) 

234 

1240 

2760 

4070 

Kax  cABAyex  H3  xaOAHUbi  2,  aaMCHa  3H2I  na  Cllfl  oOecneaHBaex  pesepB  Maccw  ~ 
73  KF.  Taxoii  peaepB  Maccbi  MOAcex  nosBOAHXb  Ha  KA  xHna  IRIDIUM  Bxoporo  noKOACHHa 
noBbicHXb  ypOBCHb  AHeprooGecneHeHiiH  c  peAbio  yBeAHACHHa  moiahocxh  OopxoBbix 
pexpaHcnaxopOB  h  OAHOBpeMeHHO  jnse-nHAHAb  cpoK  aKXHBHoro  cymecxBOBaHHa  KA.  Jinn 
paccMaxpHBaeMoro  inna  HH3KOop6HxaAbHbix  KA  cpoK  aKXHBHoro  cymecxBOBaHHa  oOhaho 
onpeAenaexca  pecypcoM  CHCxeMbi  aACKxpocHaOaceHHa  (C3C).  PacnonaraeMbm  pe3epB  Maccw 
n03BOAHX  yBCAHAHXb  MACCy  C3C  npilMepHO  Ha  60-70  %,  HXO  Aacx  B03MOaCHOCXb  yBCAHHHXb 
MomHOCxb  COAHCHHOH  OaxapCH,  a  xaKxce  CHH3HXb  FAyOHHy  paspaAa  axKyMyAaxopHwx 
6axapeH  h  xcm  cawbiM  yBCAHHHXb  hx  pecypc.  npeABapHXCAbHwe  ohchkh  noxaBbiBaiox,  hxo 
aaMCHa  3Hfl  na  CU/l^  o6ecneHHBaex  peaepB  maccw,  AOCxaxoBHWH  AJra  yBCAHHCHHa  chcxcmw 
BACKxpocHaGaceHHa  (h,  xcm  camwm,  yBeAHACHHa  pecypca  KA)  c  hcxoahofo  yposna  T=  5 

ACX  AO  8  ACX. 

B  KaaecxBe  lumiocxpaiAHH  b  xbOahac  2  npHEeAenw  BpeMCHa  Meacop6HxanbHwx 
nepexoAOB  npH  HCnoAb30BaHHH  b  cocxabc  ^Y  KA  IRIDIUM  paxAHHHwx  xhhob  3Pfl.  B 
CAynae  Cim  BpcMa  BWBCAeHHfa  ha  paOoHyio  op6Hxy  c  hcxoahoh  onopHoii  op6HXbi  (initial 
parking  orbit)  hah  c  AeacypnoH  opOnxM  cocxaBAaex,  cooxBexcxBCHHO,  42  cyxoK  h  19,6  cyxoK. 
YKaaaHHwe  BpCMena  BbiBCACHHa  aBAaioxca  npHCMACMbiMH,  nocKOAbxy  cymecxBCHHO 
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MCHbine  iipoflOJiacHTejibHOCTH  pasBepxbiBaHHH  h  aKTHBHoro  cymecTBOsaHHa 
paccMaxpuBaeMOH  opSHTaji&HOH  CHCxeMbi  cbk3h. 

HcnojibSOBaHne  EJ[  bmccxo  Cnj5  ysejiHHHBaex  peseps  Maccbi  npHMepHO  na  8  %, 
HO  BpeMH  BbinojiHeHHB  MaHCBpoB,  onpc^iiejiHeMoe  BejiHHHHOH  xara,  Bospacxaex  b  1,5  paaa. 

npHBe^ieHHbie  Bbiuie  pesyjiBxaxbi  ^jih  cnyxHHKOB  IRIDIUM  b  SHanHxejiBHOH  cxencHH 
npHMCHHMbl  K  CnyXHHKaM  HH3KOOp6HTajIbHOH  HBCXH  CHCXCMBI  CBSSH  "POCTEJIECAT", 
Koxopbie  npeflnojiaraexcH  pasMetpaxb  na  opSnxax  bbicoxoh  700  km.  B  hbcxhocxh,  3xo 
Kacaexca  bo3m05khocth  cymecxBeHHoro  (.ao  15  %)  coKpameHHa  MaccBi  cnyxHHKOB  npH 
HcnojibSOBaHHH  B  cocxase  fljia  BbinojiHeHHfl  MOKOpOHxajiBHBix  nepexoflOB  3PA  THna 
CnjI  HHH  pm,.  3x0  oOcxoflxejibcxBO  Moxcex  Gbixb  HcnonbaosaHO  jisin  yMenburcHHa 
KOJiHHecTBa  nycKOB  paKex-HOCHxejrcH  h  cxohmocxh  pa3BepxbraaHHa  opGHxajiBHoM 
rpynnHpoBKH,  BKniOHaiomeH  b  cboh  cocxaB  91  cnyxHHK. 

B  xaOjiHHe  3  npHseflOHM  peaynbxaxbi  ouchok  MaccBi  Jjy  flJia  BbinoaHeHHa 
MeacopOHxajiBHbix  ManespoB  cnyxHHxa  "EoHeu"  MaccoH  250  kx  ,  BKJHoaaa  cnycK  ero  na 
3eMJiio  c  paOoaeH  opOnxBi  bbicoxoh  okoho  1500  km.  S^eci.  MaccoBBie  xapaKxepHCXHKH  3Pfl 
npHHaxbi  KaK  .j^jia  cnyxHHKa  IRIDIUM. 

TaGaHua  3 


3axpaxBi  Maccbi  Ha  DP/IY  aaa  BbinojiHCHHa  MeacopGHxajibHbix  MaHOBpOB  cnyxHHKa  ToHen" 


Tnn  3PJI 

3HJX 

3JW 

IBSIIilli 

Macca  xonanaa,  kt 

60,7 

45,0 

15,7 

7,7 

Macca  Gaxa,  kt 

Macca  3PA  c  oGecncHHBaiomHMH 

5,5 

4,0 

1,9 

yCXpOHCXBBMH,  KT 

1,0 

4,4 

9,5 

17,4 

Cyxaa  Macca  DPflY,  kx 

6,5 

8,4 

11,4 

18,3 

noanaa  Macca  DPHY,  kx 

67,2 

53,4 

27,1 

C  yaexoM  aonoaHHxeabirax  aaxpax  na  KoppeKHHK)  napaMexpoB  paGoneM  opGnxbi, 
Macca  cnyxHHKa  "EoHen"  hc  npeBbiCHx  20  %  ox  Maccbi  cnyxHHKa  (aaa  cnyxHmca 
IRIDIUM  -  19,5  %)  xoabKO  npH  Hcnoab30BaHHH  b  UPflY  aBHraxeaeft  xnna  Cllfl  nan  Hfl. 
npH  npHHaxbix  MaccoBbix  xapaKxepHcxHKax  KOHcxpyKi(HH  3P^  ,  xoxa  h  oGecneaHBaex 
MHHHMyM  Maccbi  DPJIY,  HO  pasHHna  c  Cllfl  OKasbmaexca  BCCbMa  HeaHanHxeabHOH. 

2.3.  IIoaaepacaHHe  xohkh  cxoanna  reocxaHHonapHbix  CBasHbix  MKA 

3$$eKXHBH0cxb  Hcnoab30BaHHa  3PJ(  b  sHaanxeabHOH  cxencHH  npoaBaaexca  b  aaaaae 
noaaepacaHHa  xohkh  cxoanna  reocxanHOHapHoro  HC3  CBaan  b  HanpaBacHHH  CcBcp-IOr  (C- 
K)),  KaK  HaHGoaee  sneproeMKOH  aaaaaH  c  xohkh  apCHHa  cooGmacMbix  KA  cyMMapnwx 
HMHyabCOB  xaxH.  B  nacxoamee  BpcMa  paaBHXHe  xexHoaoxHH  reocxaiiHOHapHbix  cBa3Hbix 
cnyxHHKOB  xapaKxepH3yexca  khk  pocxoM  Maccbi  KA  ao  ypoBHa  3... 4  h  Goaee  xohh,  xaK  h 
pacuiHpeHHeM  MacmxaGoB  Hcnoab30BaHHa  cnyxHHKOB  MaccoH  mchcc  1  xohhw  na  Gaae 
aOCXHXCeHHH  B  oGaaCXH  MHHHaXIOpH3ail,HH  aaCMCHXOB  KOCMHHeCKOH  XeXHHKH,  a  xaioce 
HcnoabsoBaHHa  xbkhx  nporpeccHBHbix  pemcHHH,  KaK  npHMCHeHHe  b  JI,y  cnyroracoB 

BbIC0K034»$eKXHBHbIX  3PJ1|. 

npHMCHHxeabHO  K  reocxaHHOHapHbiM  KA  cbbsh  co  cpoKOM  aKXHBHoro 
cymecxBOBaHHs  (CAC)  10  aex  noxpeGnbiH  sanac  xapaKxepHcxHnecKOH  CKopocxH  cocxasasex 
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550  m/c  (50  M/c  B  rofl  na  KoppemHio  op6irrbi  b  HanpawiemH  CeBep-IOr,  50  m/c  Ha 
alny^  no  HaK^eH™  „  na  yaoa  c 

pecypca),  a  aaa  KA  o  cpoKOM  aKTHSHoro  cymeoxBOBaHHa  15  f “7, 

^OBHe  xapaKTepncTmeCKOiS  CKOpocra  HaHOoaee  nojiHO  npoaBaararca  «y  Ha  Oaae  3m 

BbicoKHM  yaentHbiM  HMnyjibcoM  -  Cllfl  h  HJI,.  CeBeo-IOr 

B  UeHxpe  KeaabBHa 

30  °  BDeMB  OKecyTOHHOH  pa6oTH  Ka5K«oro  Cm  He  npeBtimaeT  0,8  Baca.  Hpn  3to 
noTDe6HbiH  pecypc  3Pfl  ne  npeBtimaeT  rapaHTHpoBaHHoro  Ha  flaHHOH  cxa^HH  paapa  otk 
p^a"”coB  B  KaacnL  ns  aayx  „aBHb«  Obokob  c  yaetoM  HeoOxOBHMoro 

peaepBHpoBaHHB  ycTaHaBJiHBaexcH  no  asa  xaroBbix  Moayna. 


3axpaxbi  mbccbi  im  3Pfly  reocxannoHapubix  CBaanwx  M.KA 


Tho  3PJ1, 

TKA* 

3HA 

3^IA 

cm 

HA 

T C 

230 

300 

500 

1350 

3000 

A  va.3^  - - - 

N  TTYi  Bt 

0 

400 

600 

400 

400 

- - - - - 

r 

0,09 

0,15 

Mka^600  kx 
CAC=10  jiex 

Mt  Kr 

154,6 

134,8 

84,3 

34,8 

15,6 

AMt  kf 

0 

19,8  ^ 

70,3 

119,8 

139,0 

*•»  .  - - - - — 

Mnv,  KT 

199,3 

184,2 

125 

64,7 

45,6 

AM  nv  Kr 

0 

15,1 

74 

135 

154 

Mka=  1000  kt 
CAC  =  10  jiex 

_  A*-'  ■; - - - — 

Mt  KF 

258,0 

224,4 

140,3 

58,0 

26,1 

_ ij - - - - 

AMt  KF 

0 

33,6 

117,7 

200,0 

231,9 

Mnv  KX 

323 

293 

197 

91,6 

57,1 

AM  ny.  kf 

0 

30 

126 

231 

266 

Kax  caeayex  na  xaGnaubi  4,  npuMeneHne  CUJl  m  cnyxHHxe  MaccoH  ^ 
oSecneMHBaeT  aKOiioMHK,  MaccH  okoho  120  kt  no  cpaBHeHHH,  co  cjiynaeM  Ts 

Ha  ocHOBe  aBeKrponarpeBHBix  aBHraTeaeii,  hto  n03BOBaeT  yciaHOBHXi.  4-5 
nonoBHHTenbHux  rpaHcnonaepoB  (npH  laacce  xpaHCnoHaepa  c  yaeroM  oOecneTOBaiouoix 
CHCTCH  Ha  vpoBHC  25-30  kt).  npHMeneHHe  bmccto  CFlfl  oSecneHHT  aonoJiHH-rejibHyio 
^™b,  OK„Bo3o%r,  x,e.  ycxaHOBKy  erne  oaHoro  — — o 
xpaHcnoHaepa,  3tot  pesyabiaT  Mown  6biTb  HcnoabaoBan  Ha  cnyimiKe  PycaaH  -  MM 

aHaaoiOTHbixsapy  aocraTOXHO  ycraHOBHTb  b  KaxtaoM  h3  asyx  aBHraxeabHHX 

SaoKOB  no  xpH  xaroBbix  Moayaa  Ha  Oase  onHcaHHbix  Bbmie  Cnfl.  PacnoaoaceHHe  W™ 
B  Bwe  xSyxoabHHKa  noLoaaex  orpaHHMHxbca  pesepBHpoBaHneM  xoabKO  naxoaoB- 
KOMnencaxopoB,  paaMemaeMWx  b  3xom  cjiynae  b  neHxpajibHon  oGjiacxn  Mcacay  flBHraxejMM  ^ 
3K0H0MHH  Maccbi  aax  aaHHOro  cnyxxiHKa  npH  npHMCHeHBH  OTA  no  cpaBHeHHio  co  cayna 
“^HB  3TO  MO>Kex  oocxaBH^  OKoao  200  kx.  x.e.  oOecneHHXb  ycxaHOaxy  7-8 


*  TKA-  TepMOKaTajiHTHHecKiiM  ABHrarejib 
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^lonojiHHTCJibHwx  TpaHcnoHaepoB.  /j;onojiHHTejTbHi.iH  BHHrpbim  B  Macce  npn  HcnojibsoBaHHH 
B  fly  cnyxHHKa  Hfl  Mo^ex  aocxHraxb  35  kf,  x.e.  o6ecneHHBaxb  ycxanosKy  eipe  oflHoro-aByx 
xpaHcnoH/tepoB.  flaHHbiH  pexyjibxax  M03Kex  6bixb  peajiHXOBaH  na  cnyxHHKax  "PycjiaH  -  M", 
"CeBep-riM"  H  aHajiorHHHbix  sapyGexcHbtx  KA. 


3,  XoJIJlOBCKHe  H  HOHHbie  3PZI  MajTOM  MOTHHOCTH 

C  ynexoM  xoro,  wo  xojijiOBCKHe  h  hokhmo  3Pfl  Majiofi  moiphocxh  Moryx  ycneuiHO 
;ionojiiMTb  apyr  ;ipyra  npH  peuicHHH  paxjiHqHbix  3a;];aq,  xapaKxepHbix  MKA,  b  flcHxpe 
Keji/lbima  b  Hacxoamee  BpcMB  HCCJiejIjTOxca  ;i:BiiraxejiH  o6ohx  xHnoB.  Pa6oxa  no  o6ohm 
nanpaBjicHHAM  npoBo^nxcB  b  recnoH  Koonepannn  c  Ka4)eApoH  «3jieKxpHnecKHe  paKexHbie 
flBHraxejiH  h  oneprexHBecKHe  ycxanoBKH  KA»  Mockobckoxo  aBHapnoHHoro  HHCxnxyxa. 

3.1.  HoHHbie  flBHxaxejiH 

OcHOBHOH  OXJTHB:HXeJIbHOH  0C06eHH0CXbK)  HOHHbIX  ^tBHXaxeJieH  HBJlBeXCB 
cnocoGnocxb  o^^eKXHBHO  pa6oxaxb  npn  bwcokhx  CKOpocxax  Hcxenenna  paGo^iero  xejia. 
Pa6oxa  hohhmx  aBHraxenen  HanSojiee  34)4)eKXHBHa  npn  BejinnHHe  yACJibnoro  nmnyxibca 
CBfaime  2500  c. 

OcHOBHbie  npoGjiCMbi  npn  coa^annH  hohhbix  flBHxaxejteH  MajioM  Moumocxn  cocxoax  b 
pa3pa6oxKe  MajioraOapHXHon  raaopaspaanoM  Kaiviepbi  (FPK)  h  Kaxofla-HeHxpajiHsaxopa, 
3(j)^eKXHBHO  paOoxaiomnx  npn  hhxkhx  yposnax  3Hepronoxpe6jieHHa  n  Majibix  pacxoflax 
paOo^ero  xena.  KpoMC  3xoro,  icoMOnnanHa  Sojibiuoro  cyMMapHoro  HMnyjibca  flV  h  hh3koh 
BejiHTOHbi  xflXH  (KaK  cjie^(cxBHe  BbicoKOH  CKopocxH  HCxeHeHHa  paOoHero  xejia  npn 
OrpaHHBeHHOH  MOIUHOCXH)  npHBOflHX  K  XpeOoBaHHK)  .HJIHXeJIbHOrO  BpeMCHH  paOoxbi 
flBHraxeaa  -  ao  10  xbic.  nac.  n  Bbiuie. 

CHH>KeHHe  34)4)eKXHBHocxH  paOoxbi  FPK  npn  yMenbineHnn  ee  reoMexpnnecKHx 
pa3MepoB  aBJiserca  cjieACXBneM  pocxa  oxHomennH  njiomafln  noBCpxHocxen,  na  Koxopbix 
npoHcxoAHx  peKOMOnnanHa  sapaxceixHbix  qacxnu;,  k  o6i>eMy  FPK,  fac  ohh  HapaOaxbmaioxca. 
ripn  yMeHbmeHHH  moiuhocxh  6e3  HaMeneHna  reoMexpnnecKHX  paaMepoB  ABHxaxejia  A-aa 
coxpaneHHa  npneMJieMon  rasoBon  3(J)«|)eKXHBHOcxH  hcoOxoahmo  CHHxcaxb  pacxoA  raaa. 
CnroKeHne  pacxoAa  rasa  npnBOAnx  k  CHnacenHio  3HeprexH3ecK0H  34)$eKXHBHocxH,  wo 
Bbi3BaHO  yMeHbmeHHeM  KOHneHxpannn  neiixpaJiOB  b  FPK  h  yBeJinneHneM  sepoaxHOcxH 
yxoAa  H3  paspaAa  nepBHHHbix  sjieKxponoB  na  anoA. 

fljia  noAAepacanna  b  paGoneivt  cocxoannH  nonwx  kaxoaob  (kbr  xaxoAa  FPK,  xax  h 
KaxoAa-HeHxpajiHsaxopa)  xpeGyioxca  saxpaxbi  anepraH  n  paGoaero  xejia.  Flpn  CHnacennH 
MoiAHocxH  ABHraxcAa  H  neoGxoAHMoro  pacxoAa  paGonero  xena  Aannwe  aaxpaxbi  cxanoBaxca 
xaMeiHbiMH  B  oGmeM  oneprexHaecKOM  h  xonjinsHOM  GiOAacexe  ABHraxejia. 

B  nacxoamee  speivia  b  IfleHxpe  KeAAbima  HCCJieAyK)xca  noHHbie  ABHraxean  AByx 
xnnopasMepoB  -  5-cm  h  10-cm  npn  noxpeGaacMOH  moiuhocxh  Menee  500  Bx^’^  .  BHeuiHHH 
BHA  ABHxaxeaen  noKaaan  na  pnc.  1  h  2,  a  na  pnc.  3  noKaxan  b  paGoxe  10-cm  HOHHbitt 
ABHraxeab. 

BbixoAHbie  napaMexpbi  mohhbix  ABHraxeaen  npeACxaBaenbi  b  xaGanne  5'^.  SHaaenna 
yaeabHoro  HMiiyabca  h  KFIfl  onpcAeaenbi  Gex  yaexa  noxepb  anepran  h  paGoaero  xeaa  b 
KaxoAe-HeftxpaaHxaxope,  xaioKc  ne  yaxeiibi  noxepn  c  AByxxapaAHbiMH  nonaMH. 
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Phc.  1 


Phc.  2 


Phc.  3 


Ta6jiHija  5 

B&ixoflHfaie  napaMCipw  hohhbix  flBHraxejieH  MajiOH  moiiihocth 


noxpcGAacMaa 
Momnocxb,  Bx 

Tara,  mH 

yACAbHblH 
HMnyAbC,  c 

Krm,% 

5-cm 

50-140 

1-5 

3100-3700  1 

50-60 

10-CM 

150-500 

6-19 

2500-3500 

55-65 

B  xoflc  pa6oT  no  cos^anHio  3(|^eKTHBHbix  Hfl,  ManoH  MomnocxH  napafly  c 
xpa^^HpHOHHbiMH  xexHHHecKHMH  peoicHHaMH  HCCJIe^^yK)xcfl  Hecxana,apxHbie  cnoco6bi 
noBbimerow  xapaKxepncxHK  flBHraxejiefi.  Tax,  ajm  oSecneneniw  pa6oxbi  nojioro  xaxoAa  b 
«aBXope»HMe»  (6e3  noAorpesa  ox  cpeimajibnoro  noAorpeBaxena)  b  nacxoflmee  BpCMs 
HCCACAyexca  noAbii  xaxoA  c  nesHCBbiM  axxHBaxopoM  bmccxo  niHpOKO  npHMenaiomerocfl 
LaBg  -  axxHBaxopa.  npHMeneHHe  Cs  oGecncHHBaex  6oAee  HHSKyio  paGonyio  xennepaiypy 
KaxoAS,  Koxopaa  b  3xom  cny'xae  ne  npcBbiCHx  800°C  .  3xo  Sonee,  hcm  b  abb  paaa  hhacc 
paGonett  xeMnepaxypw  xpaAHnnoHHoro  LaBs  -  KaxoAa.  CHHAceHne  paGoneft  xeMnepaxypbi 
KaxoAa  ecxecxscHHO  npHBCAex  k  yMenbinenHio  xenAOBbnc  noxepb  h,  kak  CACACXBHe,  k 
CHHACCHHIO  SAXpaX  MOIAHOCXH  HA  nOAACpACaHHC  «aBXOpeACHMa». 

KpoMe  3xoro,  npn  oxpaGoxxe  ABHraxcACH  napsAy  c  xpaAHHHOHHbiMH 

yCKOpHXCAbHblMH  CHCXCMAMH,  COCXOHinHMH  H3  HaGopa  nAOCKHX  nep^OpHpOBAHHblX 
3AeKXpOAOB,  HCCACAyiOXCA  meACBblC  yCKOpHXCAbHbie  CHCXCMbl  CXpyHHO-CXepaCHCBOrO  XHna, 
B  KOxopbix  3MHCCHOHHbiH  3AeKXi)0A  HMCCX  BbicoKyK)  npo3paHHOcxb  H  4)opMHpyexca 
cxpynaMH,  a  ycKOpaiomHH  -  noAnpyiKHHCHHbiMH  cxepacnaMH  h  hmccx  HH3KyK)  np03paTO0CXb. 
Taxaa  KOHCxpyKnna  ycKOpHxeAbHOfi  chcxcmh  oGecncAHBaex  cxaGHUbHOCXb  $opMbi 
AACKxpoAOB  H  McaoncKipOAnbix  3a30p0B  npH  HarpeBC  na  paGoHHx  pe^Max  3a  cnex 
HcnoAbSOBaHHa  npyacHHHbix  sneMenxoB. 

ycKopHxcAbHaa  CHCxeMA  CO  mencBOH  onxHxoH  hmccx  xaKxce  HCKOxopwH  sanac  no 
pecypcy  no  cpaBHCHHio  c  xpaiAHnnonHofi  ycKOpHXCAbnoH  chcxcmoh.  B  noxasano,  hxo  npH 
HcnoAb30BaHHH  mcACBOH  onxHXH  CHHACACXca  noxcnnHAA  ycxopaiomero  SACxxpoAa, 
HCoGxoAHMbiH  AAa  HaACAOHOH  oxccHXH  oGpaxHOFO  noxoxa  3AexxpoHOB  H3  oGnacxH  nynxoBOH 
mia3Mbi.  3x0  oGycAaBJiHBacx  cnffixenHC  oneprHH  hohob,  BwnaAaiomHX  na  ycxopaiomHH 
SACIOPOA  H,  Kax  CACACXBHC,  npopccc  ero  pacnwACHHa  cxanoBHxca  mchcc  HHxencHBHbiM. 
KpoMC  3Xoro,  B  cHAy  HHCXO  reoMCxpHHCCxHX  cooGpaxccHHH  GoAbmaa  Macca  MaxepHaAa 
ycxopaiomero  OACxxpoAa  MO>xex  Gwxb  pacnbuiena  Ge3  ymepGa  AAa  paGoxocnocoGnocxH 

yCXOpHXCAbHOH  CHCXCMbl. 
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3.2.XojiJiOBCKHe  ;]:BHraTe.JiH  Manoft  moiuhocth 


UccjieflOBaHHJi  ocoGeHHOCTeH  ropenmi  paapaaoB  c  saMKHyxbiM  xojijiobckhm  tokom 
ajieKxpoHOB  B  KOJiBUiCBtix  3a3opax  5Tca3i.iBaK)T  Ha  TO,  HTO  CTa6Hjii.Ha5i  MOfla  paapfl^ia  c 
npHeMjieMBiM  ypoBHCM  HOHHsapHH  cymecTByer  npH  hjiothocth  hohhoto  tokb  -  Bbime 
HeKOTopoH  BejiKHKHM.  3x0  03HaHaex,  Hxo  c  yMeHbmeHHejM  noxpe6jiaeMOH  MomnocxH 
yMeHtmaexcii  njiomaAt  nonepcHHoro  cenenHa  ycKopHxejitHoro  KaHajia  h  cooxBexcxBeHHO 
ero  Bbicoxa.  H3  o6mHx  cooGpaxccHHH  ohobhaho,  hxo  /pia  CHHxccHHfl  noxepb  hohob  na 
cxeHKax  ycKopHxejTbHoro  xaHana,  x.e.  fljix  noBbimcHHa  K03^)(J)HmHeHxa  H3BjieHeHM  hohob 
xjiyGHHa  Kanajia  jiojiacna  6bixb  MHHHMajibHOH.  C  yMCHbuienHeM  Bbicoxbi  Kanajia  AOJiacna 
yMCHbuiaxhCfl  ero  rjiy6HHa.  Bbreo^I  H3  xaKOH  JiorHKH  paccyKaeHHH  coctohx  b  xom,  hxo  c 
noHH^eHHCM  noxpe6.nfleMOH  MomnocxH  cxanoBHxca  6oaee  pejiecooSpaaHbiM  npHMeHeHHe 
ycKopHxejibHbix  KanajiOB  c  KOpoxKOH  3ohoh  ycKopeHHa. 

B  Hacxoamee  Bpeivia  Hex  ycxaHOBHBuiHxca  npeflcxaBjicHHH  o  cpaBHHxejibHOH 
3^4>®KXHBH0CXH  4^yHKpHOHHpOBaHH5t  KaHajIOB  C  npOXaXCeHHOH  H  KOpOXKOH  30HaMH 
ycKopeHHa  b  oGjiacxn  Majibix  MoipHocxeM  pa3pa;ia.  IloaxoMy  Ha  aaHHOM  axane  paGoxa  no 
XOJIJIOBCKHM  3PJ],  MajioH  MOIHHOCXH  npOBOflHxca  DO  ^iByM  HanpaBJieHHKM  -  Hccjiejiyioxca 
nepcncKXHBbi  nojiyHCHHa  npHCMncMbix  BbixojiHbix  xapaKxepHCXHK  kbk  b  flBHraxejiax  xnna 
Cnjl,,  xaK  H  B  jiBHraxejiax  xnna  AAC. 

B  Hacxoauiee  BpcMa  paspaGoxaHbi  h  Hccaeayioxca  ^iBa  xnna  aBHraxeaefi  -  X-40  (xnna 
Crm,)  H  K-15  (xHna  flAC)  co  cpeaHHM  aiaaMexpoM  KoabncBoro  ycKopHxeabHoro  Kanajia  40  h 
15  MM  cooxBexcxBeHHo.  PacqexHbiH  ananaaoH  noxpeGjiacMOH  moihhocxh  K-15  100-300  Bx  , 
X-40  100  -  500  Bx. 

BHeuiHHH  BHfl  aaGopaxopHOH  MoaeaH  aBHraxejia  X-40  noKaaan  na  pHC.  4  ,  a 
noapoOHbie  aaHHbie  o  pesyabxaxax  HccaeaoBaHHH  aBHraxe.xH  npeacxaBaenbi  b  ^  .  3aecb 
aHuib  oxMexHM,  HXO  BbiGpaHHaa  reoMexpHa  paspaanoro  Kaiiaaa  ycKopHxeabHoro  Gaoxa  b 
coHexaHHH  c  xonoaorneH  MarHHXHoro  noaa  noaBoanaH  peaanaoBaxb  paGoHHC  peacHMbi 
aBHraxeaa  c  Kllfl,  ne  roiace  30%  bo  bccm  ananaaoHe  noxpeGaaeMOH  mohihocxh,  a  xaicace 
yMeHbiiiHXb  yraoByio  pacxoaHMOcxb  hohhofo  nyaxa  na  Bbixoae  h3  asHraxeaa  c  GoabuiHM 
3(|)$eKX0M  BGaH3H  BepxHero  ananaaoHa  HaMencHHa  noxpeGjiaeMOH  mohihocxh. 

HcHbixaHHa  aBHraxeaa  X-40  noKaaaan,  hxo 
aBHxaxeab  paaBHBaex  xary  5-35  mH  npn 
noxpeGaaeMOH  mohihocxh  80-540  Bx.  IIpH 
HaMeHCHHH  pacxoaa  KcenoHa  nepea  anoa  b 
ananaaoHe  0,5  -  2,0  mx/c  3x0  cooxBexcxByex 
yaeabHOMy  HMnyabcy  xarn  800-1785  c  h  KH/i;  0,3 
-  0,58.  Tok  paapaaa  naMCHaaca  ox  0,5  ao  2  A, 
HanpaaceHHC  paapaaa  HaMenaaocb  b  ananaaone 
100  -  320  B. 

Phc.  4 

B  Hacxoauiee  BpeMa  aaGopaxopiiaa  Moaeab  aBHraxe.fia  K-15  naxoanxca  b  cxaaHH 
oxpaGoxKH  c  peabK)  noayneHHa  bwcokhx  xaroBbix  xapaKxepHCXHK  b  conexaHHH  c 
noHHXceHHOH  yraoBOH  pacxoaHMOcxbio  naaaMCHHOH  cxpyn,  HCxeKaiomeH  h3  aBHraxeaa. 
BHeuiHH  BHa  aBHraxeaa,  aaKpenaennoro  na  nixanre  xaroH3MepHxeabHoro  ycxpOHCXBa  b 
BaicyyMHOH  KaMepe  3KcnepHMeHxaabH0H  ycxanoBKH,  noKaaan  na  pnc.  5. 
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Phc.  5 

flBHraxeHt  noxBonflex  nojiy^iaxB  xary  ox  5  flo  15  mH  npH  HSMeneHHH  MomHOCXH 
pa3pa;ia  b  ^HanaaoHe  70-400  Bx  h  npH  HaMeneHHH  anoAHoro  pacxofla  KcenoHa  ox  0,6  a 
0  95  Mx/c.  3x0  cooxBCXcxByex  poKHMaM  paOoxbi  flBHraxe;ia  c  yflejibHWM  HMnyjTbcoM  830- 
1700  c  M  Kim  ~  0,3.  ripmeM  HaHJiynuiHe  peacHMbi  no  KUfl,  peajinayioxcfl  npn  pacxoflax 
Kcenona  nepea  anoA  okoao  0,6  mx/c. 

naHHbie  no  aAAeKXHBHOcxn  n  yACJibnoMy  HMnynbcy  Kax  Ana  ABHxaxena  X-4U,  xax 
ABHxaxeAs  K-15  nproeACHbi  Oea  ynexa  pacxoAa  paOonero  xejia  nepea  KaxoA-nenxpaAnaaxop, 

KOxopbiH  naMenaACfl  b  Ananaaone  0,1  -  0,3  mx/c  b  o6ohx  CAynaax.  nB6omxooHbix 

Ta.KHM  oOpaaoM,  cpaBnenne  HCCJieAOBannbix  pexcHMOB  paOoxbi  AaOopaxopHbix 

MOACACH  XOJIAOBCKHX  ABHxaxeAeH  AByx  xnnoB  noaBOJiaex  cACAaxb  bwboa  o  xo^  nxo 
ABHxaxejiH  HMCIOX  cpasHHMbie  xapaKxepncxHKH  b  Ananaaone  noxpeGnaeMon  moiahocxh  100- 
3M  Bt  npH  3HepronoTpe6neHHH  OBHme  300  Bt  asHratenB  X-^0  paOoTaer  6oaee 

3$4>6KXHBH0. 


SaKAtonenne 

XoAAOBCKHe  H  HOHHbie  ABHxaxeAH  MaAOH  MomnocxH  Moxyx  nanxH  npoMenenne  b 
cocxaBC  ABHxaxeAbHbix  ycxanoBOK  msabix  KOCMnnecKHX  annapaxoB  hoboxo  noKOAenna. 
npnneM  Aannwe  xnnbi  ABMxaxeAen  Moryx  ycnemno  npnMenaxbca  AJia  oAnnaKOBbix 

aanan  b  xocMOce,  a  npeAnonxenne  xoMy  hah  nnoMy  ABHxaxeAio  Moxcex  6bixb  oxAano, 
nanpHMep,  hcxoaa  na  Bbicoxbi  paGoneii  opOHXbi  hah  xpeOoBanHH  onepaxHBHOCxH  pemenHa 

ynexoM  yKaaannbix  oOcxoaxeAbcxB  b  ^eHxpe  KeAAbiuia  paapaOaxbiBaioxca  h 
HCCACAyioxca  o6a  xnna  ABHxaxeAeii  b  oSabcxh  mbabix  noxpebAaeMbix  moiahocxch. 

5-cm  h  10-cm  KcenoHOBbie  ABHxaxeAH  oOecnenHsaiox  noAynenHe  xaxH  h  yACAbnoxo 
HMnyAbca  b  Ananaaonax  1  -  19  mH  h  2500  -  3700  c  cooxBexcxBenno  npn  noxpeOAaeMOH 

Momnw  noBbiuicHHa  xapaxxepHCXHK  Honnbix  ABHraxeAeil  HCCAeAyioxca 

HexpaAHnHOHHbiecxeMbinoAbixKaxoAOBHycKopHxeAbHbixcHCxeM. 

XoAAOBCKHC  ABHxaxeAH  c  aaMKXiyxbiM  Apeft^oM  aACKxpOHOB  xnna  CUM  h  rana  M 
npH  anepxonoxpeOAeHHH  b  Ananaaone  70-540  Bx  noaBOAawx  noAynaxb  xaxy  ox  5  ao  35  mH 
noH  VAeAbnoM  HMnyAbce  800-1700  iw. 

Hapany  C  oOecnenenHeM  bhcokhx  HHxerpaAbHwx  xapaKxepHCxnx  ABHxaxeA 
HCCAeAyioxca  nyxH  cHHAcenna  yxAOBOH  pacxoAHMOCxH  nAaaMennoH  cxpyn. 
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The  Perspectives  of  Low-Power  Ion  and  Hall  Thrusters  Application  On-Board  of 
New  Generation  of  Small  Spacecraft 


V.Akimov,  A. Gafarov,  O.Gorshkov  ,I.OglobIina 
Keldysh  Research  Center, 

125438,  Onezhskaya  str,  8/10,  Moscow,  Russia 
Fax:  (095)  456-82-28 

Abstract 

Current  world  significant  expansion  of  works  in  the  field  of  design  and  application  of 
small  spacecraft  with  mass  of  tens  and  hundreds  kilograms  has  indicated  the  necessity  in 
Electric  Propulsion  thrusters  with  low  level  of  power  consumption  -  less  than  500  W.  The 
most  efficient  thrusters  at  this  power  range  are  ion  and  Hall  thrusters,  which  provide 
maximum  possible  propellant  exhaust  velocities  together  with  comparable  high  efficiency 
rates,  These  thrusters  may  be  successfully  applied  for  similar  space  missions  and  preference 
to  one  or  another  type  of  thrusters  can  be  defined  either  due  to  manoeuvre  time  requirements, 
specifically  to  orbit  raising  task,  or  due  to  satellite  working  orbit  altitude  (atmospheric  drag 
compensation).  In  this  paper  parameters  of  low-power  EP,  investigated  in  KeRC,  are 
presented;  5-sm  and  10-sm  ion  thrusters  with  50-500  W  power  range  and  Hall  thrusters  with 
long  (stationary  plasma  thruster)  and  short  (thruster  with  anode  layer)  accelerating  zones  at 
100-500  W  utilised  power  range. 


1.  Introduction 


To  date  the  development  of  Electric  Propulsion  thrusters  with  power  rate  less  than  1 
kW  can  be  certainly  considered  one  of  the  most  important  technology  advances.  It  is  a  result 
of  the  leading  tendency  in  world-wi  de  current  space  activities  -  sharp  expansion  of  works  on 
design  and  use  of  new  generation  of  small  spacecraft.  Strict  requirements,  put  on  mass  ratio 
of  auxiliary  spacecraft  systems,  and  aspiration  to  increase  the  time  of  spacecraft  active 
operation  lead  to  the  necessity  of  economical  propellant  utilisation  in  rocket  engines  of 
propulsion  control  systems. 

Therefore  the  application  of  electric  propulsion  looks  more  advantageous  compared 
with  conventional  chemical  low-thrust  propulsion  systems.  This  advantage  of  electric 
propulsion  can  be  expressed  by  higher  propellant  exhaust  velocity  compared  with  chemical 
propulsion. 

However  with  thrust  specific  impulse  increase  required  thruster  power  also  increases  at 
appointed  thrust  rate.  This  leads  to  on-board  power  supply  system  mass  growth  and  all  power- 
propulsion  unit  mass  growth.  For  the  majority  of  modem  perspective  tasks  the  required  thrust 
specific  impulse  range  is  1000-3000  s. 

New  generation  of  small  spacecraft  is  mainly  developed  for  communication, 
telecommunication  and  remote  sensing  tasks.  The  typical  mass  of  communication  or  remote 
sensing  small  spacecraft  is  250-750  kg.  According  to  up-to-date  power-to-weight  ratio  level  - 
1  W/kg,  and  its  future  increase  up  to  2-3  W/kg  power  rate  50-750  W  can  be  considered  to 
allocate  for  EP  system  needs. 

Analyses  on  effectiveness  of  EP  use  on  small  spacecraft,  made  in  KeRC,  indicated  that 
EP  system,  based  on  ion  thmsters,  has  minimal  mass  when  solving  the  tasks,  characterised  by 
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the  set  of  high  thrust  specific  impulse  rates  (characteristic  velocity),  and  when  the  time  to 
complete  the  manoeuvre  is  not  limited^  These  tasks  specifically  are: 

•  atmospheric  drag  compensation  of  low-orbit  remote  sensing  spacecraft  with  300-500 
km  typical  orbit  altitude; 

•  small  spacecraft  orbit  raising  from  basic  orbit  (300-500  km)  to  operating  orbit  (700- 
1500  km)  and  de-orbiting  from  operating  orbit  to  Earth  atmosphere; 

•  orbit  correction  of  light  GEO  spacecraft  with  mass  rate  less  than  1000  kg. 

The  typical  level  of  thrust  specific  impulse  for  ion  thrusters,  which  was  taken  into 
account  during  analysis,  is  3000  s. 

However  at  EP  appointed  power  rate  and  comparable  efficiency  rates  the  more  high 
levels  of  thrust  specific  impulse  is  provided  with  less  thrust  level  and  vice  versa.  And  thrust 
level  is  directly  connected  with  manoeuvre  completion  time  effectiveness.  Thus  with  thrust 
specific  impulse  increase  manoeuvre  completion  time  also  increases,  i.e.  effectiveness 
decreases. 

Therefore  with  time  limits  presence  on  small  spacecraft  manoeuvre  it  becomes  sensible 
to  use  EP  with  more  low  propellant  exhaust  velocity  and  more  high  thrust  level,  that  will 
make  it  possible  to  increase  the  time  effectiveness  of  solving  task  at  similar  thruster  utilised 
power  rate.  Besides,  for  some  tasks,  for  example,  atmospheric  drag  compensation  of  low- 
orbit  spacecraft,  the  optimal  value  of  specific  impulse  can  be  less  than  2000  s,  i.e.  below  the 
range,  which  is  the  most  preferable  for  ion  thrusters. 

In  such  cases  it  might  be  more  advantageous  to  use  Hall  thrusters,  for  which  1000- 
2000  s  specific  impulse  range  is  considered  to  be  developed. 

In  present  paper  analysis  on  effectiveness  of  low-power  EP  application  on  small 
spacecraft  of  different  puiposes  is  adduced.  The  aim  of  it  is  to  obtain  the  optimal  value  of 
thruster  specific  impulse  depending  on  spacecraft  operation  altitude.  The  characteristics  of 
low-thrust  xenon  EP  thrusters,  investigated  in  KeRC  -  5-cm  and  10-cm  ion  thrusters  with  50- 
500  W  power  range  and  Hall  thrusters  with  long  acceleration  zone  (stationary  plasma  thruster) 
and  short  acceleration  zone  (thruster  with  anode  layer)  with  100-500  W  power  range,  are  also 
presented. 

2.  The  effectiveness  of  low-power  EP  thrusters  application  on  small  spacecraft  of 

different  purposes 

2.1.  Atmospheric  drag  compensation  of  remote  sensing  small  spacecraft 

The  most  efficiently  this  task  may  be  solved  with  EP.  In  order  to  provide  minimal  total 
mass  of  power-propulsion  system  it  is  extremely  important  to  choose  rational  EP  type, 
optimal  power  Nopt  and  thrust  specific  impulse  (Isp)opt. 

It  can  be  shown  that  (Isp)opt  does  not  depend  on  parameters,  characterising  power 
utilisation  of  aim  systems,  spacecraft  size  and  spacecraft  mass,  but  depends  only  on  power- 
mass  perfection  level  of  power  propulsion  system  (PPS)  elements,  spacecraft  operation  time 
and  orbit  altitude  (H). 

In  Table  1  calculation  results  for  efficiency  of  35  %  at  specific  impulse  of  1300-1500  s 
(low-power  Hall  thrusters  working  range)  and  for  45  %  at  specific  impulse  of  3000-3500  s 
(low-power  ion  thrusters  working  range)  are  presented.  Estimations  were  made  for  maximum 
atmospheric  density  at  100  kg/kW  of  PPS  specific  mass  for  two  variants  of  solar  battery 
(SB)  specific  power  (Nsb)  at  the  end  of  lifetime  -  100  and  200  W/m^.  Spacecraft  operation 
time  was  equal  to  5  years. 
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EP  optimal  parameters  for  various  spacecraft  orbits 


Table  1 


1300 

1500 

3000 

3500 

H,km 

=100  W/m^ 

300 

320 

400 

440 

Nsr=200  W/m^ 

280 

290 

350 

390 

(NeiOopt, 

W 

Nsn=100  W/m^ 

230 

210 

95 

50 

NctR=200  W/m^ 

310 

280 

130 

65 

From  this  Table  it  is  clear  that  for  the  altitudes  near  300  km  it  is  sensible  to  use  Hall 
thruste"forTalM^^  near  400  km  -  ion  thrusters.  Moreover,  for  accepted  tek 
“ments.  optimal  power  for  Hall  thrusters  is  above  200  W  and  for  ton  thrusters  -  less  than 

"^Therefore  parameters  estimation  of  EP  systems,  compensating  atmospheric  drag  on 
low-orb“rarnd.cated  that  depending  on  sp^ecraft  working  orbit  attitude  both  low- 
power  thruster  types  application  can  be  optimal. 


2.2.  Orbit  raising  and  de-orbiting  of  low-orbit  constellations  of  small 
communication  spacecraft 


All  range  of  tasks,  solved  with  propulsion  system  of  satellite,  included 

communication  constellation,  can  be  divided  into  two  blocks; 

•working  orbit  parameters  correction,  including  atmospheric  drag  compensatio  , 
parametrSpinTralE  to  position  in  orbit  constellation  and.  for  some  cases,  parameters 

'‘^^'’“fthl  ”“ntmbit  trausfers,  ineludmg  orbit  raising  and  de-orbiting  of  used 

''“'"''“Lide  the  essential  functional  difference  these  two  blocks  of  tasks  for  propulsion 
systemfs^ fil"e  than  order  of  magnitude)  differ  on  reserve  of  propulsion  system 

characteralic  velOT^^  necessaty  velocity  on  correction  of  working  orbit  parameters 

of  sate“erS  too  low-orbit  constellations,  are  about  4  m/s  annually  and  even  at  active 

operation  lifetime  equals  to  8  years  it  will  not  exceed  30  m/s.  arc  800 

^  The  typical  operating  altitudes  for  low-orbit  communication  constellations  are  800, 

1500  and  2000  km  The  reseri^es  of  propulsion  system  characteristic  velocity  (  ), 

for  i "g  from  these  altitudes  are  333,  672  and  888  m/s,  correspondingly  If  accept  to 
the  chanae  of  altitude  during  orbit  raising  manoeuvre  is  200  km  independent  of  wor  mg 
ItodeXlto  S -ervl  of  charactlstic  velocity  on  inter-orbit  transfers  realisation  will 

be  440  764  and  972  m/s  for  altitudes  of  working  orbits,  mentioned  above.  _u„e,rft 

it  is  nXsary  to  mention  that  realisation  of  described  two  blocks  of  tasks  for  onboard 
nroDulsion  system  diould  be  carried  out  at  essentially  different  regimes  of  satellite  systems 
opeltion  mile  solution  of  first  block  tasks  takes  place  during  the  period 
TtaX-oXted  apparatus,  which  in  this  case  is  the  mam  power  consumer,  then  at 
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realisation  of  second  block  tasks  the  work  of  target-oriented  apparatus  is  not  executed.  That  is 
why  there  is  the  reserve  of  electric  power. 

Due  to  circumstances,  written  above,  on-board  propulsion  system,  solving  all  range  of 
tasks,  confronting  satellites  of  low-orbit  communication  constellation,  is  reasonably  to  form 
from  two  parts,  each  of  those  will  solve  one  block  of  tasks  from  the  all  range.  Such  approach 
was  realised  in  propulsion  systems  of  IRIDIUM  satellites. 

Application  effectiveness  analysis  of  different  types  of  low  power  EP  thrusters  at 
inter-orbit  transfers  realisation  can  be  illustrated  on  spacecraft  of  global  communication 
system  IRIDIUM.  In  modem  variant  of  first  generation  spacecraft  with  mass  of  660  kg  the 
orbit  raising  and  de-orbiting  tasks  are  solved  with  electric  thermal  thrusters  MR-501,  made  by 
PRIMEX  Aerospace  Corp„  with  maximum  utilised  power  equals  to  510  W,  specific  impulse  - 
280  s  and  thrast  -  330  mN.  At  basic  orbit  altitude  H=500  km,  achieving  with  launcher,  and 
working  orbit  altitude  H=780  km,  the  required  characteristic  velocity  on  orbit  raising  with  on¬ 
board  propulsion  system  is  approximately  160  m/s.  In  order  to  prevent  space  debris  exhausted 
spacecraft  should  be  de-orbited  on  low  orbit,  for  example,  on  H=300  km  altitude,  that  takes 
additional  expense  of  characteristic  velocity  -  near  260  m/s.  Thus,  the  total  expense  of 
characteristic  velocity  to  fulfil  inter-orbit  transfers  can  reach  420  m/s,  that  corresponds  to  total 
thrust  impulse  ~  280  kNs. 

In  Table  2  there  are  comparative  estimations  of  IRIDIUM  spacecraft  propulsion 
system  characteristics,  providing  inter-orbit  transfers,  using  electric  thermal  thruster  (ETT), 
arcjet,  stationary  plasma  thruster  (SPT)  and  ion  thmster  (IT)  at  similar  utilised  power  of 
propulsion  system  N=510  W  (efficiency  of  PPU  unit,  used  with  arcjet,  SPT  and  IT,  was 
assumed  to  be  0,9;  specific  mass  of  propellant  tanks  was  assumed  to  be  yt=0,09  for  ETT  and 
arcjet,  and  Yt=0,12  for  SPT  and  IT). 


Table  2 


Parameters  of  EP  systems  for  carrying  out  the  inter-orbit  transfers  of  IRIDIUM  satellite 


THRUSTER  TYPE 

ETT 

ARCJET 

SPT 

IT 

Propulsion  system  power,  W 

510 

510 

510 

E  HI 

Thruster  power,  W 

510 

460 

460 

Specific  impulse,  s 

280 

500 

1200 

BRI 

Thruster  efficiency 

0,8 

0,33 

0,36 

0,5 

Thrust,  mN 

330 

62 

28 

19 

Propellant  mass,  kg 

100 

58 

24,8 

mm 

EP  system  dry  mass,  kg 

10 

9,6 

12,5 

18,8 

EP  system  overall  mass,  kg 

110 

67,6 

37,3 

EP  system  mass  reserve,  kg 

0 

42,4 

72,7 

79,2 

Duration  of  transfer  from  orbit  H==500  km 

4 

19 

42 

62 

to  orbit  H-780km,  days 

Duration  of  transfer  from  reserve  spacecraft 

1,7 

8,8 

19,6 

28,9 

deployment  orbit  H=650  km  to  orbit  H=780  km,  days 

Duration  of  de-orbiting  from  H=780  km  to 

6 

32 

71 

105 

H=300  km,  days 

Required  lifetime,  hours  (for  AV==420  m/s) 

234 

1240 

2760 

4070 
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It  can  be  seen  from  Table  2,  ETT  replacement  on  SPT  provides  mass  reserve  ~73  kg. 
Such  mass  reserve  on  second  generation  of  IRIDIUM  type  spacecraft  can  make  it  possible  to 
increase  the  level  of  power  consmnption  in  order  to  increase  the  power  of  on-board 
retransmitters  and  at  the  same  time  to  increase  spacecraft  active  operation  lifetime,  for 
discussed  type  of  low-orbit  spacecraft  active  operation  lifetime  usually  is  deteraiined  by 
power  supply  system  (PSS)  lifetime.  Existing  mass  reserve  will  allow  to  increase  the  mass  o 
PSS  approximately  on  60-70%,  that  gives  the  possibility  to  increase  the  solar  array  power  and 
to  lower  the  depth  of  accumulator  batteries  discharge  and  therefore  to  increase  its  inetime. 
Preliminary  estimations  show  that  ETT  replacement  on  SPT  provides  mass  reserve,  sufficient 
for  increase  of  PSS  lifetime  (and  thus  spacecraft  lifetime  increase)  from  imtial  level  T  5 

years  to  T  =  8  years.  .  +  + 

As  an  illustration  in  Table  2  duration  of  inter-orbit  transfers,  using  different  types  ot 

EP  thrusters  as  a  part  of  IRIDIUM  spacecraft  propulsion  system,  are  presented.  In  SPT  case 
time  of  transfer  from  initial  parking  orbit  or  from  duty  orbit  is  42  and  19,6  days, 
correspondingly.  Indicated  transfer  duration  times  are  appropriate  because  they  are 
significantly  less  than  duration  of  deployment  and  active  operation  of  discussed  orbital 

communication  system.  -  i  on/  u 

Use  of  IT  instead  of  SPT  increases  mass  reserve  approximately  on  8/o  but  manoeuvre 

realisation  time,  determined  with  thrust  level,  will  increase  in  1 ,5  times. 

Results  for  IRIDIUM  satellites,  described  above,  can  be  sufficiently  applied  to  satellites 
of  low-orbit  part  of  communication  constellation  «ROSTELESAT»,  which  are  planned  to 
deploy  on  orbits  with  altitude  of  about  700  km.  In  particular,  this  concerns  the  possibility  ot 
significant  (up  to  15  %)  reduce  of  satellites  mass  in  the  case  of  using  EP  thrusters  ot  SPl  or 
IT  types  as  a  part  of  propulsion  system  for  inter-orbit  transfers.  This  circumstance  can  be  used 
for  reduce  of  number  of  launches  and  cost  of  orbital  constellation  deployment,  including  91 

sS'tdlitcs 

In  Table  3  there  are  the  results  of  propulsion  system  mass  estimations  for  inter-orbit 
transfers  of  «Gonets»  satellite  with  mass  equals  to  250  kg,  including  its  de-orbiting  from 
working  altitude  of  about  1500  km.  Here  EP  thrusters  mass  characteristics  are  accepted 
similar  to  IRIDIUM  satellite  case. 

Table  3 


Mass  expenses  on  EP  system  for  inter-orbit  transfers  of  «Gonets»  satellite 


THRUSTER  TYPE 

ETT 

ARCJET 

SPT 

IT 

Propellant  mass,  kg 

60,7 

45,0 

15,7 

7,7 

Tank  mass,  kg 

5,5 

4,0 

1,9 

0,9 

Thruster  with  subsystems  mass,  kg 

1,0 

4,4 

9,5 

17,4 

EP  system  dry  mass,  kg 

6,5 

8,4 

11,4 

18,3 

EP  system  overall  mass,  kg 

67,2 

53,4 

27,1 

26,0 

According  to  additional  expenses  on  correction  of  working  orbit  parameters,  the  mass 
of  EP  system  on  «Gonets»  satellite  will  not  exceed  20  %  from  satellite  mass  (tor  IRIDIUM 
satellite  -  19,5  %)  if  using  SPT  and  IT  thrusters  in  satellite  EP  system.  At  accepted  mass 
characteristics  of  EP  thruster  design,  IT  provides  minimum  of  EP  system  mass  but  difference 
v/ith  SPT  is  insignificant. 
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2.3,  Orbit  keeping  of  small  geostationary  communication  satellites 

The  effectiveness  of  EP  thrusters  application  is  sufficiently  become  apparent  in  the  task 
of  orbit  keeping  of  geostationary  communication  satellite  in  North-South  (N-S)  direction,  as 
the  most  power-intensive  task  from  total  thrust  impulses,  applied  to  spacecraft,  point  of  view. 
Nowadays  the  development  of  geostationary  communication  satellites  technologies  is 
characterised  by  spacecraft  mass  increase  up  to  level  of  3... 4  and  more  tones,  scales  widening 
of  application  of  satellites  with  mass  less  than  1  ton,  based  on  achievements  in  the  field  of 
miniaturization  of  space  techniques  elements;  and  also  by  using  such  progressive  decisions  as 
application  of  high-efficiency  EP  thrasters  in  satellites  propulsion  system. 

Confomiable  to  geostationai^  communication  spacecraft  with  10  years  of  active 
operation  lifetime  the  required  rate  of  characteristic  velocity  is  550  m/s  (50  ra/s  annually  on 
North-South  stationkeeping,  50  m/s  on  orbit  raising  and  on  de-orbiting),  and  for  spacecraft 
with  15  years  active  operation  lifetime  -  800  m/s.  At  such  level  of  characteristic  velocity  the 
most  efficient  are  propulsion  systems  on  the  base  of  EP  thrusters  with  high  specific  impulse  - 
SPT  and  IT. 

For  example,  as  analysis  showed,  effective  North-South  correction  of  geostationary 
spacecraft  with  mass  equals  to  600  kg  can  be  provided  by  KeRC  designed  SPT  with  nominal 
consumed  power  of  330  W,  thrust  -  18  mN  and  specific  impulse  -  1350  s.  At  10  years  of 
active  operation  lifetime  the  required  lifetime  of  EP  system  will  not  exceed  6000  hours  at 
thruster  installation  angle  of  30°  relative  to  North-South  direction,  which  is  typical  for  SPT. 
Daily  working  time  of  each  SPT  will  not  exceed  0,8  hour.  In  this  case  the  required  thruster 
lifetime  will  not  be  above  3000  hours  -  the  guaranteed  rate  on  this  stage  of  development.  In 
each  of  two  propulsion  units  together  with  necessary  reservation  two  thrust  modules  are 
installed. 

Table  4 

Mass  expenses  in  EP  systems  of  small  geostationary  communication  satellites 


THRUSTER  TYPE 

TCT* 

ETT 

ARCJET 

SPT 

IT 

1  SD  3^ 

230 

300 

500 

1350 

3000 

Nps,W 

0 

600 

400 

400 

ae 

0,09 

h^spacecraft  600 

kg 

Lifetime=10 

years 

154,6 

134,8 

84,3 

34,8 

15,6 

^M  propellant,  kg 

HU 

70,3 

119,8 

139,0 

Mps,  kg 

199,3 

ygjjll 

125 

64,7 

45,6 

AM^pg  kg 

0 

IHHHI 

74 

135 

154 

Mspacecraft”  1 000 

kg 

Lifetime  =  10 
years 

^propellant,  kg 

258,0 

58,0 

26,1 

AMpropgjiajit,  kg 

33,6 

117,7 

200,0 

231,9 

Mpsj  kg 

293 

197 

91,6 

57,1 

AM  PS  kg 

0 

30 

126 

231 

266 

*  TCT  -  thermocatalytic  thruster 
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As  can  be  seen  from  Table  4,  the  use  of  SPT  on  satellite  with  mass  of  600  kg  provides 
mass  economy  of  about  120  kg  comparing  with  the  case  of  application  of  propulsion  system 
based  on  ETT,  that  gives  the  possibility  to  install  4-5  additional  transponders  (at  mass  of 
transponder  and  its  subsystems  of  about  25-30  kg).  IT  use  instead  of  SPT  will  provide 
additional  mass  economy  of  about  20  kg,  i.e.  installation  of  one  additional  transponder.  This 
result  can  be  used  on  «Ruslan  -  M!Vl»  satellite  and  analogous  foreign  spacecraft. 

On  spacecraft  with  1000  kg  mass  it  is  reasonable  to  install  three  thrust  modules  in  each 
of  two  propulsion  units.  Thrusters  triangular  arrangement  allow'S  to  reserve  only  cathode- 
compensators,  placed  in  that  case  in  the  central  area  between  the  thrusters.  Mass  economy  for 
this  satellite,  using  SPT,  can  be  about  200  kg  comparing  with  the  case  of  arcjet  application, 
i.e.  it  can  provide  the  installation  of  7-8  additional  transponders.  Additional  mass  economy  at 
IT  application  in  satellite  propulsion  system  can  achieve  35  kg,  i.e.  it  gives  the  possibility  to 
install  1-2  more  transponders.  This  result  can  be  realised  on  «Ruslan  -  MM»,  «Sever  -  PM» 
satellites  and  analogous  foreign  spacecraft. 

3.  Low-oower  Hall  and  ion  thrusters 

According  to  the  fact,  that  low-power  Hall  and  ion  thrusters  can  successfully  be  the 
complement  of  one  another,  solving  different  tasks,  typical  for  small  spacecraft,  both  types  of 
thrusters  are  investigating  in  KeRC.  These  works  are  carrying  out  in  close  co-operation  with 
«Spacecraft  Electric  Propulsion  and  Power  Plants»  Department  of  Moscow  Aviation  Institute. 

3.1.  Ion  thrusters 

Ion  thruster  main  peculiarity  is  ability  to  effectively  function  at  high  propellant 
exhaust  velocities.  Ion  thruster  operation  is  the  most  effective  at  specific  impulse  rate  above 

2500  s.  .  ,  .  .  ■  r  11 

The  main  problem  in  low-power  ion  thruster  development  include  design  ot  smaii- 

sized  discharge  chamber  and  neutraliser,  which  will  be  able  to  function  effectively  at  low 
level  of  energy  consumption  and  low  propellant  flow  rates.  Besides,  the  combination  of  high 
total  specific  impulse  of  propulsion  system  and  low  thrust  level  (as  a  result  of  high  propellant 
exhaust  velocity  at  limited  power)  leads  to  the  requirement  of  thruster  long  duration  operation 

period  -  up  to  10  thousand  hours  and  above. 

Decrease  in  efficiency  of  discharge  chamber  work  due  to  its  geometrical  size  reduce  is 
a  result  of  increase  in  ratio  between  surface  area,  where  charged  particles  recombination 
takes  place,  and  discharge  chamber  volume,  where  these  particles  are  created.  With  power 
decrease  without  thruster  geometry  changes,  in  order  to  keep  the  acceptable  ps  efficiency 
rate,  it  is  necessary  to  reduce  the  mass  flow  rate.  This  leads  to  power  utilisation  efficiency 
decrease  due  to  neutrals  concentration  decrease  within  discharge  chamber  volume  and  to 
increase  of  probability  of  primary  electrons  losses  in  anode. 

To  keep  hollow  cathodes  working  (as  discharge  chamber  cathode  as  cathode- 
neutraliser)  it  is  necessary  to  provide  some  power  and  propellant  utilisation  rates.  With 
thruster  power  and  required  propellant  flow  rate  reduce  these  utilisation  rates  become 
significant  within  the  total  thruster  power  and  propellant  budget. 

Currently,  in  KeRC  ion  thrusters  with  two  typical  sizes,  5-cm  and  lO-cm,  at  utilised 
power  rate  less  than  500  W,  are  investigating  ^  Thrusters  general  view  is  shown  on  Figures 
1  and  2.  On  Figure  3  10-cm  ion  thruster  during  operation  is  shown. 
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Fig.  1.  10-cm  ion  thruster  general 
view 


Fig.  2.  5-cm  ion  thruster 
general  view 


Fig.  3.  10-cm  ion  thruster 
during  operation 


Ion  thrusters  output  parameters  are  presented  in  Table  Specific  impulse  and 
efficiency  rates  are  written  without  power  and  propellant  mass  losses  in  cathode-compensator 
account.  Also  double-charged  ions  losses  were  not  taken  into  consideration. 


Table  5 


Low-power  ion  thrusters  output  parameters 


Power,  W 

Thrust,  mN 

Sp.  impulse,  s 

Efficiency,  % 

5-cm  thruster 

50-140 

1-5 

3100-3700 

50-60 

10-cm  thruster 

150-500 

6-19 

2500-3500 

55-65 

During  the  work  on  effective  low-power  ion  thruster  development,  together  with 
traditional  ways,  some  original  ways  to  increase  thruster  parameters  are  working  out.  Thus,  to 
ensure  «autoregime»  of  hollow  cathode  (i.e.  without  heating  from  special  filament), 
hollow  cathode  with  caesium  activator  instead  of  wide  used  LaB^-activator  is  investigating. 
Cs  application  provides  more  low  cathode  working  temperature,  which  in  this  case  is  less  than 
800°C.  This  is  more  than  two  times  less  than  working  temperature  of  conventional  LaBe 
cathode.  Cathode  working  temperature  decrease  essentially  leads  to  thennal  losses  decrease 
and  finally  to  decrease  of  power  losses  at  «autoregime»  maintenance. 

Moreover,  during  thrusters  development,  together  with  traditional  accelerating 
systems,  consisting  of  flat  perforated  electrodes,  slot  accelerating  systems  of  stringed-pivotal 
type  are  working  out.  Here  the  emission  electrode  has  high  transparency  and  is  formed  with 
strings,  and  accelerating  electrode  is  formed  with  springy  pivots  and  has  low  transparency. 
Such  accelerating  system  design  provides  electrodes  shape  stability  and  constant  inter¬ 
electrode  spacing  during  heating  process  at  working  regimes  due  to  spring  elements  use. 

Accelerating  system  with  slot  optics  also  has  some  reserve  on  lifetime  comparing  with 
conventional  accelerating  system,  It  is  shown  in^  that  when  slot  optics  is  used,  accelerating 
electrode  potential,  required  for  effective  cut  of  electrons  back  flow  from  plasma  plume  area, 
decreases.  This  leads  to  decrease  in  energy  of  ions,  falling  on  accelerating  electrode,  and  as  a 
result  the  process  of  its  erosion  becomes  less  intensive.  Besides,  from  exclusively  geometrical 
point  of  view,  more  material  mass  of  accelerating  electrode  might  be  sputtered  without 
detriment  to  accelerating  system  work. 
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3.2.  Low-power  Hall  thrusters 

Peculiarities  research  of  discharges  with  closed  drift  of  electrons  in  circular  clearances 
indicated  that  stable  discharge  mode  with  acceptable  ionisation  level  exists  at  ion  current 
density  above  a  certain  value.  It  means  that  v/ith  utilised  power  decrease,  accelerating  channel 
cross  area  and  height  also  decrease.  From  general  point  of  view  it  is  evident  that  to  reduce  the 
ion  losses  on  accelerating  channel  walls,  i.e.  to  increase  ions  extraction  coefficient,  the 
channel  depth  should  be  minimal.  With  channel  height  decrease,  its  depth  will  also  decrease. 
The  conclusion  from  these  logical  speculations  is  that  with  utilised  power  decrease  it  becomes 
more  sensible  to  use  accelerating  channels  with  short  accelerating  zone. 

Up-to-date  there  are  no  established  idea  about  comparative  effectiveness  of  function 
of  channels  v/ith  long  and  short  accelerating  zones  at  low  power  discharge.  Therefore,  on  this 
stage,  the  work  on  low  power  Hall  thrusters  is  carrying  out  on  two  directions  -  as  for  SPT,  as 
for  TAL  thrusters  the  perspectives  to  obtain  acceptable  output  paraimeters  are  investigating. 

To  date,  two  types  of  thrusters  are  developed  and  tested  -  X-40  (SPT  type)  and  K-15 
(TAL  type)  with  average  diameter  of  circular  accelerating  channel  equal  to  40  and  15  mm 
correspondingly.  The  calculating  range  of  utilised  power  is  100-300  W  for  K-15  and  100-500 
W  for  X-40. 

X-40  laboratory  prototype  general  view  is  shown  on  Figure  4  and  detailed  information 
about  thruster  test  results  are  presented  in  ^ .  Here  it  is  necessary  only  to  mention  that  chosen 
geometry  of  discharge  channel  in  accelera  ting  unit  together  with 

magnetic  field  performance  mapping  made  it  possible  to  realise  thruster  working  regimes 
with  overall  efficiency  not  less  than  30  %  within  all  utilised  power  range  and  effectively 
reduce  angular  divergence  of  ion  beam  on  thruster  outlet  near  upper  level  of  utilised  power 
range. 


X-40  tests  indicated  that  thruster  was  able  to 
provide  5-35  mN  of  thrust  at  80-540  W  of  utilised 
power  rate.  Within  0,5-2,0  mg/s  of  xenon  flow  rate 
throw  anode,  this  corresponded  to  800-1750  s  of  thrust 
specific  impulse  and  0,3-0,58  of  overall  efficiency. 
Discharge  current  changed  from  0,5  to  2  A,  discharge 
voltage  changed  in  1 00-320 V  range. 


Fig.  4.  X-40  laboratory  prototype 
general  view 

Presently  the  state  of  the  work  on  this  laboratory  prototype  K-15is  at  the  stage 
of  high  thrust  characteristics  obtaining  at  reduced  angular  divergence  of  plasma  beam, 
exhausted  from  thruster.  General  view  of  thruster,  fixed  on  bar  of  thrust-measured  device  in 
test  bench  vacuum  chamber,  is  shown  on  Figure  5. 
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Fig.  5.  General  view  of  thruster,  fixed  on  bar  of 
thrust-measured  device  in  test  bench  vacuum  chamber 

Thruster  provides  thrust  from  5  to  15  mN  at  discharge  power  variation  within  70- 
400  W  range  and  at  anode  xenon  flow  rate  variation  from  0,6  to  0,95  mg/s.  This  corresponds 
to  thruster  working  regimes  with  850-1700  s  of  specific  impulse  and  0,3  of  overall  efficiency. 
Moreover,  the  best  regimes  on  efficiency  are  realised  at  xenon  flow  rate  throw  anode  near  0,6 
mg/s. 

Data  on  efficiency  and  specific  impulse  as  for  X-40  thruster  as  for  K-15  thruster  are 
presented  without  taking  into  consideration  the  cathode-neutraliser  propellant  flow  rate, 
which  in  both  cases  was  within  0,1 -0,3  mg/s  range. 


Conclusion 


Low-power  Hall  and  ion  thrusters  may  find  its  application  as  a  part  of  propulsion 
systems  on  new  generation  of  small  spacecraft.  Moreover,  these  types  of  thrusters  may  be 
successfully  used  for  similar  tasks  in  space  and  preferences  to  one  or  another  type  might  be 
defined,  for  example,  due  to  the  working  orbit  altitude  or  required  time  effectiveness  of  task 
to  be  solved. 

Besides,  parameters  estimation  of  EP  system,  able  to  compensate  the  atmospheric 
drag  on  low-orbit  spacecraft,  indicates  that  depending  on  spacecraft  working  orbit  altitude 
both  Hall  and  ion  thrusters  applications  may  be  optimal. 

According  to  these  circumstances  both  types  of  thrusters  with  low  level  of  utilised 
power  are  designing  and  investigating  in  KeRC. 

5-cm  and  10-cm  xenon  thrusters  provide  thrust  and  specific  impulse  in  the  range  of 
1-19  mN  and  2500-3700  s  correspondingly  at  50-500  W  of  utilised  power  rate. 

To  improve  ion  thrusters  parameters  original  design  of  hollow  cathodes  and 
accelerating  systems  are  developing. 

Hall  thrusters  with  closed  drift  of  electrons  of  SPT  type  and  TAL  type  within  70- 
540  W  of  power  range  provide  thrust  level  from  5  to  35  mN  at  800-1700  s  of  specific 
impulse, 

Together  with  ensuring  of  thrusters  high  integral  parameters,  ways  to  reduce  plasma 
beam  angular  divergence  are  also  investigating. 
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XapaKxepHCTHKH  CEm  MajioH  moiphocth. 


B.  Khm,  B.H.  Ko3jiob,  A.El.  JIasypeHKO,  A.H.  CKptiJitHHKOB 


HHHnM3  MAH 


125810,  r.  MocKBa,  BonoKOJiaMCKoe  inocce,  4 
Teji.:  (095)  158-0020 
OaKc:  (095)  158-0367 


B.  CBH3H  CO  Bce  OojlbUIHM  BHIIMaHHCM  K  HCnOJIbSOBaHHK)  MaJiopasMepHBix  HC3 
B  KocMH^ecKOH  TcxHHKe  npc/iCTaBjiKeT  HHTcpec  paspaOoTKa  ajieKTpopaKexHbix 
/IBHraTCjicH  (3P)]|)  ii,  b  HacxHocxH,  cxapHOHapHBix  njiaxMeHHBix  flBHxaxejieii  (Cn;[() 
MajiOH  MomHocxH.  B  ^(aHHOM  flOKJiajic  npe^[cxaBneHw  pesyjitxaxbi  pa3pa6oxKH  h 
3KcnepHMeHxajibHoro  Hccjie^i;oBaHHa  xapaxxepHcxHK  MOflenefi  CIl^,  cnocoOHLix 
oOecneqnxb  yflOBJiexBopHxejiBHbie  xaroBBie  xapaxxepHcxHKH  b  ;];Hana30He  MomHocxeil 
(50-250)  Bx.  3xh  Mo/tenn  hmciox  HapyacH&m  ;i;HaMexp  ycKopnxejibHoro  xanajia  ox  20 
ao  30  MM  H  ypoBeHb  xaroBoro  K.n.;^.  (20-35)%  b  yKaaaHHOM  ^^Hanasone  MomHocxeS 
npH  yaeuBHBix  HMnyntcax  (1000-1500)  c.  TaxHM  oOpaaoM,  coaj^aHHtie  ^BHraxenH  na 
OCHOBC  yxaaaHHBix  Mo;];ejieH  Moryx  ycneuiHO  npHMCHHXBCJi  b  cHcxcMax  KoppcKiiHH 
opOnxH  H  opHCHxapHH  MajiopaaMcpHbix  HC3. 


Low  -  power  SPT  Performance. 


V.  Kim,  V.I.  Kozlov,  A.V.  Lazurenko,  A.I.  Skrylnikov 
RIAME  MAI 

4^Volokolamskoe  shosse,  Moscow,  125810,  Russia 
Tel.:  (095)  158-0020 
Fax:  (095)  158-0367 

I 

There  is  a  growing  interest  to  the  utilisation  of  small  satellites  in  space 
technology.  Taking  into  account  this  interest  a  development  of  low  -  power  Electric 
Propulsion  Thrusters  (EPT)  and  Stationary  Plasma  Thrusters  (SPT)  in  particular  is  of 
great  importance.  Results  of  development  and  experimental  studies  of  SPT  laboratory 
models  capable  to  provide  satisfactory  thrust  performance  in  the  power  range  (50- 
250)W  are  presented  in  this  paper.  These  thruster  models  have  an  external  diameter  of 
accelerating  chamber  in  the  range  20-30  mm  and  thrust  efficiency  level  of  (20-35)%  in 
the  above  mentioned  power  range  at  specific  impulses  (1000-1500)  s.  Therefore 
thrusters  created  on  the  base  of  these  thruster  models  could  be  successfully  used  for  the 
small  satellite  orbit  transfer,  station  keeping  and  attitude  control. 


PaspaSoTKa  Majibix  Cim,. 

B.  Khm  ,  B.  KosnoB  ,  A.  Jlasyperao*,  F.  FIonoB^  A.  Ckp&ijibhhkob*,  K.  Kjiaycc**,  M.  fl3H***, 

^3K.  CaHKOBHH****. 

^ocy;^apcTBeHHI.m  Hay^iHO-HccneflOBaxejibCKHH  HHCTHxyx  npHKJiaflHOH  MexaHHKH  h 
SJieKXpOflHHaMHKH  MOCKOBCKOXO  aBHapHOHHOFO  HHCXHxyxa  (HHHnM3  MAH) 
125810  MocKBa,  BojioKOJiaMCKoe  uiocce  4 
Teji.:  (095)  158  0020 
OaKc:  (095)  158  0367 

Atlantic  Research  Corporation,  Gainsville,  Virginia,  USA, 

International  Space  Technology,  Inc.,  Palo  Alto,  California,  USA, 

Lewis  Research  Center,  Cleveland,  Ohio,  USA. 


B  cxaxbe  paccMoxpeHi>i  npoOneMH,  BOSHHKaiomHe  npn  paspaSoxKe  Majitix 
cxau,HOHapH&ix  njiasMCHHbix  flBHxaxejieH  (Cn/]|)  h  npe.n,cxaBJieHbi  HCKOxopBie  pesyjibxaxbi  hx 
Hccjie.ztoBaHHH,  a  HMeHHo:  oOmne  cooxHomeHHK,  oxpaxcajEontiie  saBHCuMOcxt  xapaKxepncxHK 
flBHxaxena  ox  ero  pasMepoB;  pesyjitxaxbi  Hcn&ixaHHH  cneitHaicbHOH  jiaSopaxopnoH  Mo^ejiH 
Cnfl-80,  HJijnocxpnpyiontHe  orpaHHHeHM,  BbisbiBaeMbie  BJiHanneM  MacnixaSnoro  4)aKxopa; 
pesyjibxaxbi  paapaSoxKH  h  HccjieB;oBaHHH  Cn)^-30  h  Cn/(-25.  3xh  aaHHbie  no/txBepxcflaiox 
E03MO>KHOcxb  o6ecneHeHHX  xxroBoro  Kn/]|  ycKopHxejia  (paccHHxaHHoro  6e3  ynexa  pacxo/ta 
paSonero  xena  b  ketofO  ypoBne  0.25... 0.30  b  ananaaoHe  MoraHocxen  (100-250)  Bx  npn 
yz^ejibHOM  HMnyjibce  (1000-1400)  c  n  pecypce  OTHraxe^H  (500-1000)  nacoB. 


BeefleHiie. 


O^HHOH  H3  Xen^tenitHH  B  paSBHXHH  COSpeMCHHOH  KOCMHHeCKOH  XeXHHKH  aBJiaexca 
nepexo.n:  k  HcnojibsoBanHio  Maiibix  KA,  nosBOJixiomHX  CHHSHXb  cxohmocxb  peajiHsapHH 
KOCMHnecKHx  MHccHH.  TaKHM  o6pa30M,  B03HHKaex  Heo6xoflHMOcxb  paapaSoxKH  a.neKBaxHbix 
ZtBHxaxejibHbix  ycxanosoK  ()i(y)  h,  b  hbcxhocxh,  Jjy  na  Gaae  sjieKxpHnecKHX  paxexHbix 
HBHraxenen  Majibix  KA.  IlpHHHMaH  bo  BHHManHe  6ojibmoH  h  ycneninbiil  onbix 
HcnojibsoBaHHa:  Cn)]|  b  Kanecxse  KoppeKXHpyiontHx  flBHraxejieii,  ecxecxBenHO  Hccjie.aoBaxb 
xapaKxepncxHKH  aBHraxenen  axoro  rnna  c  yMenbmeHHbiM  pasMepoM  h  MoigHocxbK). 
Hmccxch  HecKOBbKO  (|)H3HnecKHX  ocoSeHHocxen,  orpaHHHHBaiontHx  ypoBenb  xxroBoro  KTUT 
CO  cHHXceHneM  HX  pasMepoB.  /fjia  xoro,  htoSm  HCCjie^OBaxb  3xh  ocoGchhocxh,  b  HHHnM3 
6bijia  paapaOoxana,  HaroxoB-xena  h  Hcnbixana  b  uiHpoKOM  .ananaaoHe  paSoMHx  pexcHMOB 
jiaGopaxopnaa  Mo^eab  Cri)f-80.  Kpowe  xoro,  6biJiH  pa3pa6oxaHbi  h  Hcnbixanbi 
jiaOopaxopHbie  moacjih  CU/i;  MenbniHx  paaivrepoB:  Cn)[i;-30  h  Cn)i;-25. 

1.  OcHOBHbie  ct)M3MHiecKMe  oco6eHHOCTM  crifl,  OTPa>KaiotuMe  BjriMyiHMe 
MacuiTadHoro  dbaKTopa  Ha  xapaKrePMCTMKM  cnjDl. 

B  KanecxBe  nepBoro  cooxHomeHHa,  oxpaxcaioiqero  BJiHaHHe  paajvrepa  aiBHraxeaa  na 
ypoBCHb  ero  xapaKxepiicxHK,  Moacex  6bixb  paccMoxpeno  cooxHomeHHe  Mexcay  xapaKxepHOH 
axHHOH  ycKopHxexbHoro  Kanajia  L  h  xtHHiioii  CBoGortHoro  npo6era  axoMOB  flo  HOHnaagHH 
.A,i.  T.e.  rtaa  xoro,  Hxo6bi  flocxaxoHHO  iiojiho  HOHHaoBaxb  raaosbiH  noxoK  b  ycKopHxeabHOM 
Kanajie  Heo6xoztHMO  ya,OBaexBopHXb  cae.a5nEonteMy  yciroBHio: 

Xi «  L, 


(1) 


rae  X-  - ,  Va-  CKOpOCTB  aXOMOB,  <0',v^  >  -  K034)4)HPHeHT  CKOpOCTH  HOHHSapHH, 

ocpeflHeHHfciH  no  4)yHKii;HH  pacripeBieJieHHJi  sjieKxpoHOB,  Oj  -  cenenne  noHHaapHH  axoMOB,  Ve 
-  CKopocxb  3JieKxp0H0B.  IlpH  HeKoxoptix  flonyu^CHnax  moxcho  noxasaxi.,  nxo  am  Crifl 
xpaflHpnoHHOH  cxcMBi,  pa6oxaK>mHX  npn  ycjiOBnax  noji;o6Ha  npopeccoB  noHHsapHH 
(A.i/L=const)  H  HMeio[i],HX  cxo^nyio  reoMexpHio  ochobhbix  KOHCxpyKXHBHbix  sjieMenxoB 
^IBHxaxena  (b/L=  const,  d/L  =  const,  r^e  b  h  d  -  ninpHna  ycKopnxejiBHoro  xanajia  n 
xapaKxepHbiH  ^^naMcxp  cooxBexcxBenno),  sHanenne  MaccoBoro  pa.cxojxa.rH , 
oSecneHHBaiomero  cpaBHHMyK)  34)4)eKXHBHocxb  HonnsapHH  ^Jia  ^BHraxejien  paannnHoro 
pasMcpa,  Moxcex  6bixb  onpeflcjicno  H3  cjicflyioniero  cooxHOUiexina  : 

in  =  =  (2) 


^ocJIe^^Hee  cooxHomenne  oananaex,  hxo  njioxnocxb  MaccoBoro  pacxofla  rH  /  ndb  nepea 
Kanaji  yBCJinnHBaexca  c  yMCHbUienneM  pasMcpoB  flBnraxejia.  CjiejtosaxeJibHO,  nnoxnocxb 
MonxHOCXH  npn  xom  xce  paapa^inoM  HanpaxcennH  ^(OjiacHa  xaic  ace  yBejinnnxbca.  Ho  xpoMC 
xenjiOBbK  H  pecypcHbix  npoGncM  3xa  ocodennocxb  BbisbiBaex,  Kax  3xo  byaex  noxasano 
flajiee,  ;^o^oJIHHxeJIbHbIe  xpyflnocxn  b  cosflanHH  cooxBexcxByiomen  HHp;yxnHH  Maranxnoro 
nona  h  ero  xont^nrypapHn,  nxo6bi  o6ecnenHXb  bhcoxhh  KHfl,  ;]pHraxejiH  B  Hacxnocxn,  b 
3XOH  paboxe  6bmo  noxaaano,  nxo  xpeSyeMbie  snaHenna  HH/^yxpnn  Br  MarnHxnoro  nojia 
cBaaanbi  c  xapaxxepnbiM  paaMepoM  (ninpHna  ycxopnxenbnoro  xanaria  b),  napaMexpaMH 
pabonero  peacHMa  (paspa^BiM  HanpaacenneM  Ud  n  pacxoflOM  rasa  m)  cae^iyromiHM 
cooxHomenneM: 


B^L^b 


const 


(3) 


HsBecxHO  xaxace^,  nxo  jxasi  onxHMHSHpoBanHbix  CH^  pasananbix  pasMepoB  npn 
cpaBHHMbK  ycaoBHax  BsaHMOflencxBna  naasMbi  co  cxenxaMn  ;i;oaaceH  6bixb  npHMepno  na 
oflHOM  H  XOM  ace  ypoBHe,  x.e. 

La«kab,  •  (4) 


rne  ka=const  -  hhcboboh  xo3(|)(|)Hu;HeHX.  Cae^iOBaxeabno,  Moacno  nanncaxb 

Bfb  =  const ,  ecan  Ud  =  const  (5) 

Br  ~  ,  ecan  b  =  const  (6) 

Kax  Bnano,  CHHacenne  pasMepoB  aBnraxeaa  Bbisbmaex  neoGxoanMocxb  yBeanaenHa 
snaneHHa  Br  npn  cpaBHHMbix  ycaosnax,  n  3X0  saxaionenne  b  nepsoM  npHSanacennH 
noaxsepacaaexca  onbixoM  paspaboxxnt  Cn/I|.  HpHHHMaa  bo  BHHMaHne  cooxHomenne  (5)  n 
paccMaxpuBaa  obmnn  MarnnxHbm  noxox  <I)m  b  aBnraxeae,  Moacno  noaynnxb 

<I)m~adbBr~d  (7) 

B  xo  ace  speMa,  jiaa  xoro  nxobbi  noAztepacHBaxb  onxHMHsnpoBaHHyio  xoH4)HrypanHio 
MarnnxHoro  noaa  b  j^Bnraxeaax  pasananoro  pasMepa  HeobxoanMO  xioAHepacHBaxb 
cooxHomenna  pasMepoB  Im  xpnxnaecxHx  oaeMenxoB  MarnHXHOH  cncxeMbi,  ncnoabsya 
ycaoBne  noflobna 

Im  ~  d  ~  b  (8) 


B.  Khm 


2 


Cjie^^OBaxejitHO,  SHaqcHHe  MarHHXHOH  HHflyKixHH  BHyxpH  Maxepnajia  ajicMCHxa  c 
CenCHHeM  Sm^Tldlm  /lOJT^HO  yBejIHHHXBCH,  X.K. 

~  !  Sm  ~  1/b  (9) 

IIocjieflHee  cooxHomeHne  noKasbiBaex,  qxo  npn  Mart&ix  b  (hhh  d)  HMeexca 
orpaHKHCHHe,  CBsaanHoe  c  HactiipenHeM  MaxepHaaa  sjieMCHXOB  MaraHXHOH  chcxcmbi. 
^pyxHMH  cnoBaMH,  HeB03MoacHo  nojwep^HBaxb  onxHMajiBHyio  KOH4)Hrypaii;HK)  MaxHHXHoro 
iiojM  H  HHAyKpHK)  npH  yMeHBineHHBix  3HaqeHH2x  b,  H,  cjieaoBaxenBHO,  flBHraxejia 

/lOJixceH  CHH3HXBca.  OnBix  pa3pa6oxKH  Cn/]|  noKaa&iBaex,  hxo  rpaHHHHBiH  pa3Mep  cocxaBJiaex 
dni~50  MM  (b~10  mm). 

/Ipyraa  ocobeHHOcxB,  co3;[^aiomaa  AonojiHHxenBHBie  xpyflHOCXH  b  paapaSoxKe  MajiBix 
CIIJI,  -  3X0  BjiHaHHc  xojiJiOBCKoro  xoKa  Ha  K0H4)HrypapHio  MaxHHXHoro  nojia  h  ero 
HHflyKUHK)  BHyxpH  ycKopHxcnBHoro  KaHajia.  Hs  o6mHx  coo6pa)KeHHH  ohobh^^ho,  hxo  3xo 
BjiHflHHe  /i;oji>kho  Gbixb  orpaHHHCHO  xto  onpeflejieHHoro  ypoBHa,  hxo6bi  nojiyHHXB 
onxHMajiBHyK)  KOH(|)HrypapHio  MaxHHXHoro  nojia.  Taxace  ohcbhx^ho,  hxo  b  nepBOM 
npHbjiHaceHHH  xojuiobckhh  tok  npH  cpaBHHMBix  ycjioBHax  flojiacen  6bixb  nponoppHOHajieH 
paBpa^HOMy  xoxy  h  MaccoBOMy  pacxoay  nepea  ycKopHxejiBH&iH  Kanaji.  Cne^oBaxeaBHo,  c 
yBejiHHeHHeM  MaccoBoro  pacxoaa  moxcho  oacHB;axB  yBeaHHeiina  onxHMajiBHoro  sHanenHa 
«BHemHeH»  MaxHHXHOH  HHflyxpHH  Br  ,  C03;^aBaeM0H  MarHHXHOH  chcxcmoh  flaa 
HOHxcepacaHHa  onpejiiejieHHoro  cooxHomcHHa  Meacny  BHeuiHHM  h  HHHyHHpoBaHHBiM 
MarHHXHBIMH  HOHaMH,  X.C.  OHXHMaJlBHbie  3HaHeHHa  XOKOB  B  MarHHXHBIX  KaxyniKaX  flOnaCHBI 
yBCJiHHHBaxBca  c  yBejiHHeHHeM  MaccoBoro  pacxofla  npn  cpaBHHMBix  ycjioBHax. 


2.  PeavfibTaTbi  paapaGoTKM  m  MccjieziOBaHMyi  Cnfl-80. 

/^Jia  npOBCpKH  HCKOXOpblX  H3  yHOMaHyXBIX  3aKJIIOHeHHH  H  HSyHeHHa  OCObCHHOCXCH 
paSoxBi  Cn)5  B  uiHpoKOM  AHanasoHC  paboHHX  peacHMOB  bBiiia  paapaSoxaHa  h  HCHBixana 
.  aabopaxopHaa  MoaeaB  Cn/t-80  c  BHcmHHM  x^HaMexpoM  ycKopHxeaBHoro  Kanajia  80  mm  h 
yMCHBincHHOH,  no  cpaBHCHHEo  c  xHHH'tiHOH,  xojiipHHOH  ycKopHxejiBHoro  KaHajia  (b=12  mm). 
Bmccxc  CO  CHHaccHHCM  iHHpHHBi  Kanaica  6bijio  yBenHHCHO  noiiepcHHoe  cenenHe  sjieMCHxoB 
MarHHXHOfi  CHCXCMBI  OXHOCHXCJIBHO  Xpa/liHHHOHHBIX  COBpeMCHHBIX  Cn/],  C  XaKOH  IHHpHHOH 
Kanajia.  CooxHomcHHe  paaMcpoB  Mcac/iy  MarHHXHbiMH  nojiiocaMH,  SKpanaMH  h  saaopaMH 
ObUIO  XHHHHHBIM  Ana  XpaAHPHOHHblX  OnXHMHBHpOBaHHBIX  cn)];.  Cn)G[-80  6bIA  HCHBIXaH  B 
niHpoKOM  AHanaaoHC  paboHHx  pea<HMOB:  pacxoA  pabonero  xejia  (kcchoh)  nepea 
ycKopHxejiBHBiH  Kanaa  m=(2-9.5)  mt/c,  paapaAHoe  Hanpaacenne  Ud  =  (100-800)B, 
paapaAHaa  moiahocxb  Nd  ==  (0.3-3.0)  kBx. 

Bbijih  nojiyncHBi  xhhhhhbic  AJia  Cn/3|  xapaxxepHcxHKH,  BKAiOHaa  BOABx-aMnepHBie 
xapaxxepHCXHKH  (Phc  1),  saBHCHMOcxH  xarH,  xaroBoro  Kn/)  h  yACABHoro  HMnyABca  ox 
paapaAHoro  nanpaaccHHa  (Phc.  2... 4).  noAyneHHbie  AaHHBie  iiOAXBcpacAaiox  BOSMoacHocxB 
HSMCHaxB  xary  Cn/(  b  10  pas,  HSMCHaa  h  Ud  h  nonyqHXB  AocxaxoHHo  bbicokhh  ypoBCHB 
xaroBoro  Kn/(  pt  h  SHaneHHH  yACABHoro  HMnyABca  Isp  (aHancHHa  Isp  h  pt  Gbiah  paccHHxaHBi 
Ges  ynexa  pacxoAa  paGonero  xena  b  xaxoA). 

Bo  BpCMH  HCHBIXaHHH  npOBOAHACa  KOHXpOAB  XeMHepaxypBI  SACMeHXOB  KOHCXpyXpHH 
ABHraxena:  BHyxpcHHero  noAioca,  BHCuiHero  noAioca,  BHyxpeHHeH  h  napyacHbix  cxchok 
paspaAHOH  KaMcpBi.  BBiaBACHO  ABa  (JiaKxopa,  HaaaraioiAHx  orpaHHACHHa  na  BBiGop  pea<HMOB 
cxapHOHapHOH  paboxBi  CUfl.  riepBBiH  CBasaH  c  npeBBinicHHeM  xeMnepaxypofi  BHyxpCHHCH 
cxcHKH  paapaAHOH  xaMcpBi  rpaHHHiioro  SHancHHa  ~700°C.  Ilpn  3xoh  xcMnepaxypc 
HaHHHaexca  hhxchchbxioc  pacHBrncHHC  MaxepHana  cxchok,  hxo  CHHacaex  pecypc  ASHraxena. 


B.  Khm 


3 


Ha  pHC.6  npHBeACHO  HSMeneHHe  xeMnepaxypH  aneMCHroB  KOHCxpyKpHH  b  xo^i;e 
3KcnepHMeHxa  {rh.~5.06  mx/c,  N(3=1720  Bx).  TeMnepaxypa  BHyxpeHHen  cxchkh  naHHHaex 
cyrpecxBeHHO  pacxH  npH  Nd>1700  Bx.  Bxopon  ^aKxop  CBAsan  c  npeBbimcHHeM 
xeMrrepaxypbi  BHyxpenHero  nonioca  xohkh  Kiopn  Tr.  B&ime  axoH  xohkh  MaxHHXHaa 
npoHHpaeMocxb  nojnoca  pesKO  naj^aex.  3xo  BBisbmaex  hcoSxo/Pimocxb  yBCJiH^eHM  xoxa  b 
MaxHHXHbix  KaxyniKax  .ana  no.mi;epacaHHa  onxHMajibHOH  MaxHHXHOH  HHj^yKi^HH,  hxo,  b  cboio 
OHepe^lt.,  BbisbiBaex  ^onoJiHHxejitHoe  xenjroBtijtejreHHe  b  nojiioce.  3xox  ^^axxop  npoHBjraex 
ce6fl  npH  MomHocxflx  Nd>1500  Bx  h  c  yBeuHHeHHeM  pacxo^ia  ero  BJiHXHHe  cxanoBHXca 
SHaHHxejiBHee. 

rionyHeHHbie  .aoHHbie  iioKaabmaiox  xaoce,  hxo  aHaneHHe  m^2  mx/c  6jih3ko 
MHHHMyMy,  o6ecne'qHBaK)meMy  flocxaxoHHO  bbicokhh  ypoBCHi.  xaxoBOxo  KH^  (cm.  Phc.  4). 
yMCHbincHHe  xaxoBoxo  KHfl,  /iJia  rh  =9,57  mx/c  npH  Ud^25{)B  oGBacHsexcH  xpy/iHocxbio 

C03,ZtaHHfl  Heo6xO,aHMOH  HH/HyKHHH  MaXHHXHOXO  IIOJTfl  B  CHJiy  OXMCaCHHblX  BblUie  IipHHHH. 
KpoMC  xenjiOBbix  oxpaHHHCHHH,  cymecxByex  ynoMHHaBineeca  Bbiiue  4^H3HHecKoe 
oxpaHHHCHHe,  CBfl3aHHoe  c  Heo6xofljiMOcxbio  yBCJiHHHBaxb  BHeuiHce  MaxHHxnoe  nojie  c 
yBejiHHCHHeM  3HaqeHHa  rh .  3xo  3aKJiK)BreHHe  no;];xBep»cflaexca  3aBHCHMOcxbio  xpeSycMbix 
xoKOB  B  KaxyniKax  HaMaxHHHHBaHHK  ox  rh .  Kax  moxcho  bhuoxb,  o6maa  xeuneHi^HK  3xoh 
aasHCHMocxH  noHXH  jiHHCHHafl.  rh  >9  mx/c  6biJio  HCBoaMoacHO  o6ecnenHXb  xpe6yeMoe 
aHancHne  xoKa  HaMaxHH’iHBaHxia  naace  npH  KpaxKOBpcMCHHOH  pa6oxe  HBjixaxeaa  H3-3a 
nepexpcBa  npoBonoB  b  KaxyniKax  naMaxHHHHBaHHa.  TaKHM  o6pa30M,  noayneHHbie  naHHbie 
no,zixBepacnaiox  cymecxBCHHOcxb  paccMoxpcHHbix  b  pasneae  1  ^laKxopoB. 


3.  Pa3pa6oTKa  m  ncnbixaHwa  Manbix  Cnil. 

Hpii  paapaSoxKc  Majibix  Cn/(  6bina  nocxasacHa  peab:  aocxHXHyxb  ypoBCHb  KE(D(  (25- 
30)%  npH  MoiiiHocxax  (100-250)  Bx  h  pecypce  T>500  nacoB.  OpHHHMaa  bo  BHHMaHHC 
BbiniecKaaaHHoe,  a  xaKxce  npeabiayniHii  onbix  paspaSoxKH  Majibix  CH/^^,  BHcmHHH  anaMcxp 
ycKopaxeabHoxo  Kanajia  6bm  BbiOpan  pasubiM  d=30  mm,  mnpHHa  Kanajia  -  b=6  mm  (Phc.  7). 
Tax  KaK  ana  Maabix  Cn)!(  naxpysxa  na  MaxHHxnyio  cHcxcMy  aoaacHa  yseaHHHXbca  no 
cpaBHCKHK)  c  aBHxaxeaaMH  xHna  CIIJ\-10  h  CHJ^-lOO,  xo  Obian  Hcnbixanbi  ase 
MoaH(i)HKaiiHH  Cn/|-30:  6aH3Kaa  k  xpaaKiiHonnoii  h  c  yBcaHHCHHbiMH  MaxHHXHbiMH 
KaxyniKaMH. 

OnpeaeacHHe  xapaxxepHCXHK  npoHXBoaHaocb  b  BaxyyMHOH  KaMcpe  2  m  b  anaMexpe  h 
6  m  aranoH,  oOopyaoBanHOH  xaxoMcpOM  h  MHOxocexoanbiM  aonaoM,  ycxanoBaenHbiM  na 
mxanxe  paanyca  R=0.7  m,  BpaniaiomeHca  b  xopHsonxaabHOH  naocKocxn.  IJ,eHxp  Bpamenna 
naxoanaca  na  BepxHicaabHOH  och  CH/],.  TaxHM  oOpaaoM  HXMcpaaocb  pacnpeaeaenne 
ycKopcHHOxo  HOHHoxo  HoxoKa  B  npcaeaax  ±90°  oxnocHxeabHO  och  aBHxaxeaa.  HoxeniiHaa 
KoaacKxopa  aonaa  cocxaBaaa  ±50B  oxHOCHxeabHO  xaxoaHoro  noxeniiHana.  B  KaaecxBe 
KpHxepna  yxaa  pacxoaHMocxH  cxpyn  HcnoabaoBaaca  noayyxoa  (3  0.95  KOHyca,  coaepacamexo 
95%  ycKopcHHOxo  hohhoxo  noxoxa,  nepecexaiomexo  KOHxpoabHyio  c([)epy  paanyca  R=0.7  m. 

TaxoBbiH  Kn/H  H  yaeabHbiH  HMnyabc  Sbian  paccHHxaHbi  6e3  ynexa  BaHaHHa 
MaccoBOXo  pacxoaa  b  xaxoa  h  noxepb  b  KaxyniKax  HaMaxHHHHBanHa. 

Peayabxaxbi  HcribixanHH  noxasaan,  nxo  SoabinHHcxBO  P13  paccMoxpcHHbix  ^Jaxxopos 
OKaabmaiox  cyiaecxBeHHoe  BaiiaHHe  na  ypoBCHb  xapaxxepHcxHK  aBHxaxeaa.  Tax,  c 
yBcaHHCHHCM  KaK  HanpaaccHHa,  xaic  h  pacxoaa  paGonexo  xasa  yBcaHHCHHe  KHfl 
oxpaHHHHBaaocb  BOBMoacnocxaMH  yBcaHHCHHa  xokob  b  KaxyniKax  HaMaxHHHHBaHHa. 

Tcm  He  MCHee,  xaxoBbiH  Kn/(  ycKopnxeaa  Moacex  aocxHxaxb  30%  npn  paspaanoH 
MoniHocxH  Nd=(l  50-200)  Bx  h  Moacex  6bixb  Bbiine,  hcm  25%  npn  Nd=(100-250)Bx 
(TaSaHpal). 
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OueHKa  pecypca  Cnjl,-30,  npoH3Be^(eHHaa  jpia  paGo^ero  peacHMa  c  moiphoctbio 
N=150  Bt  aaex  ana^cHHe  T~600  nacoB.  T.o.,  cyMMapHbiH  HMnyjitc  xara  MOMcex  6bix& 
opeHeH  -l.S-lO'^Ns.  Macca flBHxaxena  He  npeBbimaex  0.4  kx. 

Jim  HsyqeHHH  BOXMoacHocxH  flantHeHinero  yMenbrncHHa  pasMepa  ^[BHraxejia  6biJia 
paapaOoxaHa,  H3roxoB.xeHa  h  HcnbixaHa  jiaOcpaxopnaa  Mo^ejib  Cn/];-25  (Phc.  8),  HMeiomaa 
BHeniHHH  anaMexp  ycKopnxejibHoro  Kanajia  d=25  mm  h  Hexpa.HHpHOHHyK)  KOHCxpyKXHBHyio 
cxeMy,  o6ecneHHBciK)n];yio  oxHOCHxeitbHoe  yBejiHHeuHe  pasMepoB  KaxyuiKH 
HaMaxHHHHBaHHH.  IloiiyHeHHbie  pesyjibxaxbi  noKasbisaiox,  hxo  3xa  MOflenb  MO>Kex  paOoxaxb  b 
xoM  >Ke  fluanaaoHe  Mou^Hocxefi  (100-250)Bx,  ho  ee  xaroBbm  npH6HH3HxeabHO  na  5% 
HHace,  HCM  HiJia  Cn/],-30.  3xo  noflxBepacHaex  ocHosHbie  ocoSchhocxh,  paccMaxpHBaBuiHeca 
BbiHie.  ^ocxoHHcxBOM  paspaGoxaHHOH  MonejiH  CIlJl-25  aBJiaexca  6ojiee  HH3Kaa  Macca  (~300 
r)  H  MCHbmHH  Ha  10  mm  bhciuhhh  HHaMexp  Kopnyca  j^BHraxejia. 


TaOjiHpa  1. 
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72 
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0.77 
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68 
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0.75 

185 

9.9 

-1150 

30 

69 

0.88 

283.8 

0.82 

234 

10.45 

-1220 

27 

70 

3aKfiH)HeHiie. 


IlpHBe^teHHbie  b  .aiORJia^e  j^aHHbie  iiosBOJiaiox  saKjnoHHXb,  hxo  BosMoacna  paspaOoxKa 
KOHcxpyKpHH  Cn/II,  oGecneHHBaiomeH  xaroBbift  KH/I  ycKopHxeira  Ha  yposne  ~30%  npH 
ynejXbHbix  HMnynbcax  1000-1400  ccKynji  h  moiphocxh  (150-200)  Bx  h  Ha  ypoBHe  25%  npH 
Moni;HocxH  Nd~100Bx  h  yaejibHbix  HMnyjibcax  (800-900)  cexynH.  TaxHe  .niBHraxean  Moryx 
ycneuiHO  KOHKypHpoBaxb  c  /^py^HMH  xnnaMH  ^BHraxeneii  MajioH  xaxH  npHMeHHxeabHO  k 
KOppeKpHH  OpOHXbl  H  CXaOHHHSapHH  MOJIblX  KA. 
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In  a  paper  the  problems  originating  at  development  of  small  stationary  plasma  thrusters 
(SPT)  are  considered  and  some  outcomes  of  their  investigation  are  presented,' namely:  general 
relationships  reflecting  the  dependence  of  a  thruster  performances  on  its  scale;  results  of  the 
special  laboratory  model  SPT-80  testing  illustrating  restrictions  caused  by  the  scaling  factor 
impact;  results  of  development  and  tests  of  SPT-30  and  SPT-25.  These  data  confirm  a  possibility 
of  ensuring  the  accelerator  thrust  efficiency  (calculated  without  cathode  mass  flow  rate)  at  a 
level  of  0.25. ..0.30  in  a  power  range  (100-250)  W  at  specific  impulse  (1000-1400)s  and  thruster 
lifetime  (500-1000)  hours. 


Introduction. 


One  of  the  tendencies  in  development  of  a  modern  space  technology  is  the  increase  of 
small  spacecraft  use  permitting  to  lower  the  cost  of  a  realization  of  space  missions.  Thus,  there  is 
a  necessity  of  adequate  propulsion  systems  (PS)  development  and,  in  particular,  PS  on  the  basis 
of  electric  propulsion  for  small  spacecraft  (S/C).  Taking  into  consideration  a  wide  and  successful 
experience  of  SPT  application  as  a  S/C  orbit  correction  thruster,  it  is  natural  to  investigate 
performances  of  this  type  thrusters  Avith  the  reduced  size  and  power.  There  are  some  physical 
particularities  restricting  level  of  thrust  efficiency  with  decreasing  of  their  sizes.  To  investigate 
these  particularities,  at  RIAME  MAI  there  was  developed,  manufactured  and  tested  the 
laboratory  model  SPT-80  in  a  broad  range  of  operating  modes.  Besides,  the  SPT  laboratory 
models  of  smaller  sizes  -  SPT  -30  and  SPT-25  -  were  developed  and  tested. 

1 .  Basic  physical  particularities  of  SPT  reflecting  impact  of  the  scaling  factor  on  SPT 

performance. 

As  the  first  relationship  reflecting  impact  of  the  thruster  scale  on  a  level  of  it 
performances,  the  relationship  between  characteristic  length  of  acceleration  channel  L  and  free 
path  of  atoms  before  ionization  Xi  can  be  considered.  I.e.  to  ionize  fully  enough  the  gas  flow  in  a 
channel  it  is  necessary  to  satisfy  with  the  following  condition: 


Xi «  L, 


(1) 
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where  = 


Va  -  velocity  of  atoms,  <  cr,  >  -  ionization  rate  factor  averaged  through 


electron  distribution  function,  <y\  -  atom  ionization  cross-section,  Ve  -  electron  velocity.  At  some 
assumptions  it  is  possible  to  show,  that  far  SPT  of  the  traditional  design  scheme  operating  under 
ionization  process  similarity  conditions  (Xj  /L  =  const)  and  having  similar  geometry  of  the  basic 
thruster  design  elements  (b/L  =  const,  d/L  =  const,  where  b  and  d  -  accelerating  chaimel  width 
and  characteristic  diameter  accordingly),  the  value  of  the  mass  flow  rate  rh ,  ensuring  comparable 
effectiveness  of  ionization  for  thrusters  of  various  sizes,  can  be  defined'  from  the  following 
relationship: 


tn  =  k^b  =  k^d  ^2^ 

The  last  relationship  means,  that  the  mass  flow  density  rb!  jidb  through  a  channel  is 
increased  with  a  decreasing  of  the  thruster  sizes.  Therefore,  the  power  density  under  the  same 
discharge  voltage  is  to  be  increased.  But  except  the  thermal  and  lifetime  problems  this  singularity 
causes,  as  it  will  be  shown  further,  additional  difficulties  in  creation  of  an  appropriate  magnetic 
field  induction  and  topology  to  ensure  high  efficiency  of  the  tluruster^.  In  particular,  there  was 
shown,  that  the  required  values  of  a  magnetic  field  induction  Br  lire  connected  to  a  characteristic 
dimension  (accelerating  channel  v/idth  b),  parameters  of  an  operating  mode  (discharge  voltage 
Ud  and  gas  mass  flow  rate  m)hy  the  following  relationship: 


=  const 


(3) 


It  is  known  also^  that  for  optimized  SPT  of  various  sizes  under  comparable  conditions  of 
plasma  interaction  with  v/alls  should  be  of  the  same  level,  i.e. 

La  ~  kab,  (4) 

where  kg  =  const  -  numerical  factor.  Therefore,  it  is  possible  to  wnlte: 

Brbs const,  ifUd  =  const,  (5) 

Br  -  -Jl/j  ,  if  b  =  const  (6) 


As  one  can  see,  the  decreasing  of  thruster  sizes  requires  Br  value  increasing  under 
comparable  conditions.  This  conclusion  in  the  first  approximation  is  confirmed  by  experience  of 
SPT  development.  Taking  into  consideration  a  relationship  (5)  and  considering  a  total  magnetic 
flux  Om  in  a  thruster,  it  is  possible  to  receive 


<E>m  ~  TldbBr  ~  d 


(7) 


At  the  same  time,  to  maintain  an  optimized  configuration  of  a  magnetic  field  in  thrusters 
of  a  various  sizes  it  is  necessary  to  maintain  relation  of  sizes  Im  of  critical  magnetic  system 
elements  and  scaling  factor,  using  a  condition  of  a  similarity 

Im  ~  d  ~  b  (8) 

Therefore,  the  value  of  a  magnetic  induction  inside  material  of  the  element  with  cross- 
section  Sni^iidlm  should  be  increased,  because 


Bm  =  ®m/Sn,~l/b  (9) 

The  last  relationship  shoves  that  at  small  b  (or  d)  there  is  a  restriction  connected  to 
saturation  of  a  material  of  the  magnetic  system  elements.  In  other  words,  it  is  impossible  to 
support  an  optimum  configuration  of  a  magnetic  field  topology  and  induction  at  the  reduced 
values  b,  and,  therefore,  the  efficiency  of  a  thruster  will  be  decreased.  The  SPT  development 
experience  shows  that  the  boundary  size  is  dm  ~  50  mm  (b  ~  10  mm). 

Hall  current  impact  on  the  magnetic  field  topology  and  its  induction  inside  accelerating 
channel  creates  additional  difficulties  in  small  SPT  development.  From  common  reasons  is 
obvious,  that  this  impact  should  be  limited  to  a  definite  level  to  obtain  an  optimum  configuration 
of  the  magnetic  field.  Also  it  is  obvious,  that  in  the  first  approximation  Hall  current  under 
comparable  conditions  should  be  proportional  to  the  discharge  current  and  mass  flow  rate  in 
acceleration  channel.  Therefore,  with  increase  of  the  mass  flow  rate  we  can  expect  an  increase  in 
optimal  value  of  an  "external"  magnetic  induction  Br  created  by  a  magnetic  system  for 
maintaining  of  the  defined  relationship  between  external  and  induced  magnetic  fields.  I.e.  the 
optimal  value  of  currents  in  magnetization  coils  should  be  increased  with  increase  of  the  mass 
flow  rate  under  comparable  conditions. 

2.  Results  of  SPT-80  development  and  research. 

To  verify  some  above-mentioned  conclusions  and  study  particularities  of  SPT  operation 
in  a  wide  range  of  operating  modes  the  laboratory  model  SPT-80  was  developed  and  tested.  It  has 
an  external  diameter  of  the  accelerating  channel  of  80  mm  and  reduced,  in  comparison  with 
typical,  width  of  the  accelerating  channel  (b  ^  12  mm).  Along  vfith  the  reducing  of  the  channel 
width  a  cross-section  of  the  magnetic  system  elements  was  increased  relatively  traditional 
modem  SPT  with  such  width  of  the  channel.  The  relation  of  sizes  between  magnetic  poles, 
screens  and  gaps  was  typical  for  traditional  optimized  SPT.  SPT-80  was  tested  in  a  wide  range  of 
operating  modes:  the  mass  flow  rate  of  a  working  gas  (xenon)  tlirough  the  accelerating  channel 
m  =  (2-9.5)  mg/s,  discharge  voltage  Ud  =  (100-800)V  ,  discharge  power  Nd  =  (0. 3-3.0)  kW. 

The  characteristics  typical  for  SPT  including  voltage-current  characteristics  (Fig.  1), 
dependencies  of  thrust,  efficiency  and  specific  impulse  from  discharge  voltage  (Fig.  2  ...  4)  were 
obtained.  These  data  confirm  a  possibility  to  change  the  SPT  thrust  by  10  times,  changing  rh  and 
Ud  and  to  receive  high  enough  level  of  thrust  efficiency  rit  and  values  of  specific  impulse  hp 
(values  Isp  and  pt  were  calculated  without  consideration  of  the  cathode  mass  flow  rate). 

During  the  tests  the  temperature  of  the  thruster  design  elements  was  monitored:  an 
internal  pole,  an  external  pole,  internal  and  external  walls  of  the  discharge  chamber.  Two  factors 
imposing  restrictions  on  a  choice  of  conditions  of  SPT  stationary  operation  were  detected.  The 
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first  factor  is  connected  to  excess  of  the  temperature  of  the  discharge  chamber  internal  wall  over 
the  boundary  value  ~  700°C.  At  this  temperature  the  intensive  sputtering  of  the  walls  material 
begins  that  reduces  thruster  lifetime.  Fig.  6  shows  the  variation  of  temperature  of  design  elements 
during  experiment  (fh  =  5.06  mg/c,  Nd  =  1720  W).  Temperature  of  the  internal  wall  begins 
essentially  to  grow  at  Nd  >  1700  W.  The  second  factor  is  connected  to  excess  of  temperature  of 
the  internal  pole  over  Curie  point  (Tc).  Above  this  point  the  magnetic  permeability  of  a  pole 
sharply  decreases.  It  causes  the  necessity  to  increase  current  in  the  magnetization  coils  for 
maintaining  an  optimum  magnetic  induction  that  in  its  turn  causes  an  additional  heat  release  in  a 
pole.  This  factor  exhibits  itself  at  powers  Nd  >  1500  W  and  with  increasing  of  the  mass  flow  rate 
its  impact  becomes  more  significant. 

The  obtained  data  show  also,  that  a  value  rfi  =  2  mg/s  is  close  to  a  minimum  ensuring  a 
high  enough  level  of  thrust  efficiency  (see.  Fig.  4).  Decrease  of  thrust  efficiency  for  rH  =  9.57 
mg/s  at  Ud  >  250V  is  explained  by  difficulty  in  creation  of  the  necessary  magnetic  field  induction 
due  to  the  marked  above  reasons.  Except  thermal  restrictions,  there  is  a  mentioned  above  physical 
restriction  connected  to  necessity  to  increase  an  external  magnetic  field  with  increase  of  the  m 
value.  This  conclusion  is  confirmed  by  dependence  of  required  currents  in  magnetization  coils  on 
.  It  is  possible  to  see  the  general  tendency  of  this  dependence  is  almost  linear.  For  m  >9  mg/s  it 
was  impossible  to  ensure  a  required  value  of  the  magnetization  current  even  at  short-term  thruster 
operation  because  of  an  overheating  of  wires  in  the  magnetization  coils.  Thus,  the  obtained  data 
confirm  importance  of  considered  in  section  1  factors. 

3.  Development  and  tests  of  the  small  SPT. 

The  goal  was  posed  for  development  of  the  small  SPT;  to  reach  a  level  of  efficiency  (25- 
30)  %  at  power  (100-250)  W  and  lifetime  T>500  hours.  Taking  into  consideration  all  the  above- 
rnentioned  and  also  the  previous  experience  of  small  SPT  development,  the  external  diameter  of 
an  accelerating  channel  was  selected  d  =  30  mm,  width  of  a  channel  -  b  =  6  mm  (Fig.  7).  Since 
for  small  SPT  the  load  on  a  magnetic  system  should  be  increased  in  comparison  with  thrusters  of 
SPT-70  and  SPT- 100  types,  two  modifications  SPT-30  were  tested:  close  to  traditional  and  with 
increased  magnetic  coils. 

The  determination  of  performances  was  conducted  in  the  vaeuum  chamber  2  m  in  a 
diameter  and  6  m  in  length  equipped  with  thrust-stand  and  a  retarding  potential  analyzer  (RPA), 
installed  on  a  boom  of  radius  R  =  0.7  m,  rotated  in  a  horizontal  plane.  Center  of  rotation  was  on 
SPT  axes.  The  distribution  of  an  accelerated  ion  flow  was  measured  in  the  range  ±90°  respective 
to  thruster  axes.  The  potential  of  a  collector  of  a  probe  was  ±  50B  respective  to  cathode  potential. 
As  a  criterion  of  a  plume  divergence  the  half-angle  Po.95  was  used  which  contained  95  %  of  an 
accelerated  ion  flow,  crossing  the  reference  sphere  with  radius  R  ==  0.7  m. 

Thrust  efficiency  and  specific  impulse  had  been  calculated  without  the  cathode  mass  flow 
rate  impact  and  power  losses  in  magnetization  coils. 

The  results  of  tests  have  shown  that  majority  from  the  considered  factors  had  essential 
impact  on  the  thruster  performance  level.  In  particular,  with  increasing  both  voltage  and  mass 
flow  rate  the  increasing  of  efficiency  is  limited  by  possibilities  of  current  increase  in 
magnetization  coils. 

Nevertheless,  thrust  efficiency  of  the  accelerator  can  reach  30  %  at  a  discharge  power  Nd 
=  (150-200)  W  and  can  be  higher,  than  25  %  at  Nd  =  (100-250)  W  (Table  1). 
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The  evaluation  of  SPT-30  lifetime  made  for  the  operating  mode  with  power  Nd  =  150  W 
gives  a  value  T  -  600  hours.  So,  the  total  thrust  pulse  can  be  estimated  as  ~  1.5-10'’Ns.  The 
thruster  mass  does  not  exceed  0.4  kgs. 

To  study  the  possibility  of  a  further  decreasing  of  thruster  size  there  was  developed, 
manufactured  and  tested  laboratory  model  SPT-25  (Fig.  8),  having  an  external  diameter  of  an 
accelerating  channel  d  =  25  mm  and  non-traditional  design  concept.  The  obtained  results  show 
that  this  model  can  operate  in  a  range  of  power  (100-250)  W,  but  its  thrust  efficiency 
approximately  by  5  %  lower  than  that  one  for  SPT-30.  This  tendency  confirms  basic 
particularities  considered  above.  Advantage  of  the  developed  SPT-25  model  is  the  lower  mass 
(-300  g)  and  less  by  -10  mm  external  diameter  of  thruster  body. 


Table  1. 


ni, 

mg/s 

Ud, 

V 

Id, 

V 

N, 

W 

g 

ftt, 

% 

Po.9sdeg 

_____ 

241.4 

0,52 

126 

6.2 

1050 

2.5 

-75.4 

283.4 

0.53 

150 

7.0 

1120 

27 

-71 

323.5 

0.54 

175 

8.22 

1394 

32 

-71 

0.54 

197 

8.6 

1471 

32 

-72 

0.76 

0.62 

99 

6.2 

820 

25 

-71 

0.76 

205.6 

0.60 

124 

6.85 

916 

25 

-69 

0.76 

243 

0.69 

169 

8.23 

1104 

26 

-73 

0.76 

284.6 

0,72 

205 

9.75 

-1300 

30 

72 

0.88 

180.5 

0,77 

138 

8,61 

-1000 

30 

68 

0,88 

243.3 

0.75 

185 

9.9 

-1150 

30 

69 

0.88 

283.8 

0.82 

234 

10.45 

-1220 

27 

70 

Conclusion. 


Data  presented  in  a  paper  confirm  that  it  is  possible  to  develop  SPT  design,  ensuring  the 
accelerator  thrust  efficiency  at  a  level  of  -30  %  under  specific  impulses  1000-1400  seconds  and 
power  (150-200)  W  and  at  a  level  of  -25  %  at  power  Nd  of  -IOOBt  and  specific  impulses  (800- 
900)  seconds.  Such  thrusters  can  successfully  compete  to  other  types  of  low-power  thrusters  for 
orbit  correction  and  attitude  control  of  small  spacecrafts. 

References. 


1.  B. Arkhipov  et  al  “Development  and  Investigation  of  Characteristics  of  Increased 
Power  SPT  models”  ~  paper  IEPC-93-222,  Seattle,  USA,  1993. 

2.  V.  Kim  at  al  "Development  and  characterization  of  small  SPT  "  -  paper  AIAA-98- 
3335,  Cleveland,  USA. 

3.  V.Gavryushin,  V.Kim,  V.Kozlov,  N.Maslennikov  “Physical  and  technical  bases  of 
tlie  modem  SPT  developmenf’  -  paper  IEPC-95-38,  Moscow,  Russia,  1995. 


V.  Kim 


5 


Ud,V 

-m=21trg''i  -^-rTPaiSmg/s -^rn=3,58rr0's 

-  rrT=4.31  rr^s  rh=4.58  mg/s  rrrfi.T?  mg's 
-nF6.45nig's -a-rTF6,9ng's  -«-rtT=7.54rr^s 

-  itfS.SS  rrg/s  — rn=9.57  mg/s 

Rg.  1. 
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Specific  impulse  versus  discharge  voltage  for  ' 
SPT-SO. 
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Thrust  versus  discharge  voltage  for 
SPT-80. 
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Thrust  efficiency  for  SFT-80. 
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Magnetiiation  currents  versus  nrass  flow  rate  SPT-80  design  elements  temperature 
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SPT-30  design  scheme. 


SPT-25  general  scheme 
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BjIHHHHie  CMKOCTH  HaiCOnHTeJIH  3HeprHH  Ha  XapaKTepHCTHKH  VKIJX 

KpHBOHOCOB  M.r.,  OpJiOB  M.M.,  IlonoB  r.A.,  ^kobjicb  B.H. 

HHHnM3  MAH 

1 258 1 0,  MocKBa,  BojioKOJiaMCKoe  mocce,  4 
(Daicc:  (095)  159-03-67 

Pe(|)epaT 

PasBHBaeMaa  b  nocjiejlHee  Bpeiwa  TexHOJiorH«  Manbix  HcxyccTBeHHbix  cnyxHHKOB 
Hy>KAaeTca  b  cxonb  xe  MHHHaxiopHbix  CHCxeMax  cos^abiHa  peaKXHBHOH  xaxH  ana  opH- 
CHxauHH  H  noaaepncaHHH  nojiojKeHHa  KA  b  npocxpancxBe'.  Oahhm  h3  peajibHbix  npe- 
xenaeHXOB  Ha  3xo  mccxo  ABJiaexca  HMnyjibCHbm  njiasMeHHbiH  asHraxenb  (HH^,  ko- 
xopbiH  Moxcex  noxpe6jiaxb  MOiHHOCxb  na  yposne  HecKonbKHx  aecaxKOB  sarr  h  npH 
3XOM  HMeex  HH3KyK)  Maccy,  He6onbmHe  ra6apHXbi  h  oneHb  Majiyio  BenHHHHy  eaHHHH- 
Horo  HMnyjibca  xarH. 

OcHOBHbiM  3JieMeHxoM  Hllfl,  ox  Koxoporo  B  6ojibmoH  cxeneHH  3aBHcax  xapax- 
xepHCXHKH  ABHxaxejia,  aBJiaexca  eMKOcxHOH  HaKonnxejib  3HeprHH. 

B  aaHHOH  paGoxe  ripHBeaeHbi  npeaBapwxeJibHbie  peayjibxaxbi  HccjieaoBaHHa 
BJiHaHHa  CMKocxH  HaKOHHxejifl  Ha  xaroBbie  xapaKxepHCXHKH  Hn/(.  KpoMe  xoro  6biJio 
npoBeaeHO  Hccne,a,OBaKHe  pacnpeaejieHHH  paapaaHoro  xoxa  no  anHHe  3JieKxpoaoB 
aBHxaxejia  npH  homoihh  hohcob  Pofobckofo,  BMOHXHpOBaHHbix  B  Kaxoa. 

B  pe3yjibxaxe  SKcnejpHMeHxOB  Gbijih  nojiyneKbi  aaBHCHMOCxn  HBwepeHHbix 
(HMnyjibc  xaxH  h  Macca  crycxKa)  h  pacHHxaHHbix  (cpeaneMaccoBaa  CKopocxb  nnaaMbi  h 
Kn/(  aBHraxejia)  xaroBbix  xapaKxepHCXHK  HIl^  ox  cmkocxh  HaKonHxena  3HeprHH, 
Koxopbie  ana  HCcneaoBaHHoro  ananaaona  eMKOCxen  noKaaann  annaiviHKy  na  ynymue- 
HHe  xapaKxepHCXHK  HH/I,  (KMnynbca  xaxH  na  ~10%,  KH^  -  Ha  ~20%)  npH  yaeaHHe- 
HHH  CMKOCXH  HaKOHHXena  SHepFHH. 

HccneaoBaHHe  pacnpeaenenHa  xoxa  no  annHe  anexxpoaoB  HHfl  noxasano,  hxo 
OCHOBHOH  XOKOBblH  CnOH  HMCeX  npOaonbHblH  pa3Mep  npHMCpHO  30-40  MM  n  aBH>KeXCa 
Baonb  ancKxpoaoB  co  CKOpocxbio  10-13  km/c.  OxMeneHO  HanHHHe  b  nanane  paapaaa 
xax  Ha3biBaeMOFO  (jDop-xoxa,  aBHXcymeroca  co  cxopocxbio  npHMepHo  40  xm/c. 

BaeacHHe 

OaHH  H3  nyxefi  noBbimcHHa  xaFOBbix  xapaxxepncxHX  HIl^  cocxohx  b  obxhmh- 
sauHH  anexxpoxexHHHecxHX  napaMexpOB  cmxocxhofo  naxonHxena  anepFHH.  )]|na  3Xofo 
neoGxoaHMO  anaxb  xax  xox  nnn  hhoh  napaMexp  Bnnaex  na  nponeccbi  b  paapaanoH 
xaMcpe  Hn/l,  h  cooxBexcxBCHHO  na  xaxoBbie  xapaxxepHCXHxn. 

Bnaanne  HHayxxHBHOcxn  h  BHyxpenneFO  bxxhbhofo  conpoxHBneHHa  cmxocxho- 
ro  Haxonnxena  na  xarOBbie;  xapaxxepncxHXH  HII)]^  npHMCpHO  acHO  h3  npocxbix  coo6- 
pajxeHHH;  yBenHaenne  axxHBHoro  conpoxHBneHHa  nioSoro  aneMcnxa  paapaanoif  nenn 
npHBoaHX  X  noBbimeHHK)  a^oynesa  xennoBbiaenenna  b  oneMenxe,  mxo  asnaexca  napa- 
3HXHbiM  pacxoaoM  3HepFHH;  yBenHHeHHe  HHayxxHBHOCxn  HaxonHxena,  xoxopaa  bxo- 
anx  BMeCXe  C  HHayXXHBHOCXblO  XOXOnOaBOaOB  B  HaqanbHyiO  HHayXXHBHOCXb  Lo  aSH- 
xaxena,  xaxxce  oxpHnaxenbHO  cxaabiBaexca  na  xaroBbix  xapaxxepHcxHxax  HH)],,  oco- 
6eHHO  ecnn  3xa  HHayxxHBHOCxb  no  BenHHHHe  conocxasHMa  nan  aa^e  6onbuie  HHayx- 
XHBHOCXH  paapaaHon  xaMepbi  Li,=L’-X3n,  xae  L’  -  noxonnaa  HHayxxHBHOCXb  anexxpo- 
aoB,  a  Xsji  -  MaxcHManbHoe  paccxoaHne,  xoxopoe  npo6eFaex  xoxoBaa  nepcMbiaxa  no 
snexxpoaaM. 

BnHaHHe  >xe  BenHHHHbi  cmxocxh  Haxonnxena  na  xapaxxepncxnxn  aBnraxena  ne- 
oanoanaHHO.  OxaenbHbie  HccneaoBaxenn^  aenaiox  BbiBoa  o  xom,  hxo  ana  ynyamcHHa 
xapaxxepncxHX  Heo6xoaHMO  yxopaHHsaxb  paspaa  aa  cnex  yMenbUienna  eMxocxn  n 
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yBenHHeHHJi  sapa^iHoro  nanpB^eHHa  (t.m.  aneprHa  HaKoriHTena  ocxaeTca  nocToaHHoM), 
npH  3TOM  aKo6bi  noBbimaeTca  cxeneHb  HOHHsaunH  h  yjiyqmaeTca  K09(|)(|)HUHeHT  hc- 
nojib30BaHHa  paGonero  rejia. 

O^tHaKo  H3  aHajiHsa  ypaBHCHHii  npocreHuieH  MO^ejiH  ajieKTpoMarnHTHoro  ycKO- 
peHHa^  panee  HaMH  6biJiH  CAejianbi  BbiBOAbi"*,  hto  xaroBbie  xapaKxepHCXHKH  3po3HOH- 
Horo  Hn^  fl;on>KHbi  yjiynmaxbca  npH  yAJiHHCHHH  xoKa  h  npH^aHHH  eMy  6ojibiiieH 
anepHOAHHHocxH  (yBejiMnenHH  ^leKpeivieHxa  saxyxaHHa).  KaK  noxasbiBaex  HHCJieHHoe 
pemeHHe  ypaBHenna  KOjre6aHHa  xoxa  b  RLC-KOHxype,  axoro  moxcho  ^i;o6HXbca  nyxeM 
yMeHbiueHHa  HHAyKXHBHOcxH  pa3pa,a;Horo  KOHxypa  jih6o  yBejiHaeHHa  aKXHBHoro  co- 
npoxHBJieHHa  h  cmkocxh.  /],nHaMHKa  na  yMeHbiiieHHe  HHAyKXHBHocxH  KOHxypa  3a  caex 
HanajibHOH  HH^tyKXHBHOcxH  peajiHsyexca  no  bo3mo)khocxh  bo  Bcex  paapaSaxbiBaeMbix 
Hn^,  o^naKO  a^ecb  cymecxByex  ^JHSHnecKHH  npeneji,  CBasannwH  c  KoneMHOcxbio 
co6cxBeHHOH  HH^xyKXHBHOCTH  KOH^eHcaxopoB,  cocxaBJiaioinnx  naKonnxejib  anepran,  h 
HHflyKXHBHOCXH  xoKono^BOflOB.  YBejiHnHBaxb  aKXHBHoe  conpoxHBJieHHe,  KaK  noKa3a- 
Ho  Bbime,  Hejib3a.  TaKHM  o6pa30M  e^tHHCXBenHbiM  nyxeM  nepexoji:a  na  6ojiee  flJiHHHbiH 
pa3pan;  c  Gojibuien  anepnoAHHHOCxbio  aBJiaexca  yBejinnenHe  cmkocxh  c  oAHOBpeMen- 
HbiM  CHH)KeHHeM  paGoMCxo  Hanpaxcenna,  xaK  nxoSbi  anepraa,  3anacaeMaa  b  naKonn- 
xene,  ocxanajiacb  HenaMenHon. 

3KcnepHMeHTajibHaH  vcraHOBKa 

KoHcxpyKuna  aKcnepHMenxajibHon  Monejin  HIl/I, 

HaKonnxejib  cocxoaji  h3  OAHHHa;i;naxH  KOH;i;eHcaxopOB  cyMMapnon  eM- 

KocxbK)  103  mkO  c  MaKCHMajibHbiM  3apa;i;HbiM  HanpaxcenneM  2,5  kB.  KoHAsncaxopbi  b 
c6opKe  SbiJiH  pacnojioxKenbi  no  HaH6oiree  KOMnaKxnon  coxoboh  cxcmb  h  CKOMMyxn- 
poBanbi  nsyMa  nnocKHMH  Me^i,HbiMH  uinnaMH  c  npoKJian,KOH  Mcxcny  nocjie^HHMH  4)xo~ 
ponjiacxoBOH  hjichkh  xonmnnon  0,2  mm  xaK,  nxo  nanajibnaa  nnnyKXHBHOCxb  neno- 
cpen;cxBeHHO  naKonnxejia  cocxaBuna  10  hFh.  HaKonnxejib  6biJi  cnpoeKXHpoBan  tbkhm 
oSpaaoM,  Hxo  yMenbuienne  ero  cmkocxh  npoHaBO^tHJiocb  3a  cnex  ycxpanenna  raiibBa- 
HHHecKoro  KOHxaicxa  Me>KAy  uenxpajibHbiM  bbibo^om  Jiio6oro  h3  KOHn;eHcaxopoB  n 
BepXHen  mnnon  oiiihhobkh  6e3  nataxHa  KOHja;eHcaxopa  H3  naKonnxejia.  Jlsm  HCCJien;o- 
Banna  6biJiH  BbiGpanbi  cjic^yiomne  snaneHna  cmkocxh:  26,  64  n  103  mkO.  Bee  3Kcne- 
pHMenxbi  npoBOAHJiHCb  npn  aneprHH,  aanacaeMon  b  naKonnxejie,  40-^100  /^xc. 

Paapa^naa  xaMepa  npe^cxaBJiajia  h3  ce6a  pejibcoxpon  c  Sokoboh  no;i;aneH 
paSonero  xejia  (PT  -  Oxoponjiacx-4)  b  paapa^Hbin  Kanan.  KoHCxpyKuna  paapa^^non 
KaMepbi  H  BHeuiHHH  o6jihk  naKonnxejia  anepxHH  noKaaanbi  na  Pnc.l. 

3jieMeHXbi  paapa^Horo  Kanana  hmcjih  cneAyiomne  pasMepbi:  Bbicoxa  mauieK  pa- 
Gonero  xena  (pacexoanne  Mexc^y  ajieKxpo^aMH)  40  mm,  rJiyGnHa  paapa^Horo  KanaJia 
(oceBOH  paaMep  uiameK)  30  mm,  mnpHna  Kanana  (pacexoanne  Mexeny  niauiKaMn)  Mor- 
jia  BapbHpoBaxbca  b  npen;ejiax  ox  5  ^o  20  mm.  lUnpHna  3JieKxpo;i:oB  6bma  Baaxa  40 
MM,  /tJinna  sjieKXponoB  ox  xopnesoro  naojiaxopa  no  epesa  -  70  mm. 

BnoK  paapa^HOH  KaMepbi  6bm  Bbinojinen  ns  cxeKJioxeKCxojinxoBoro  chjioboxo 
naGopa,  na  KOxopoM  Kpennjincb:  3JieKxpon;bi  Hn,Zl|  (anon;  (2)  n  Kaxo^;  (3));  xopneBon 
naojiaxop  (4),  BbinonnenHun  h3  anynfla  n  nrnanxep  (5)  cncxeMbi  HHHnnnpoBaHHa  paa- 
pafla.  lUauiKH  paGonero  xejia  (6)  ^^HKcnpoBanncb  nyxeM  aaxcaxna  Mexc^y  aneKxpona- 
MH  Hn/i;.  Ha  exa^HH  jiaGopaxopnon  oxpaGoxKH  Gbuio  npnnaxo  pemenne  oxKaaaxbca 
ox  cncxeMbi  noniann  maineK,  xaK  kek  b  nponecce  neGojibuinx  cepnn  cpaGaxbiBanna 
ycxpOHCXBa  (~3-103  HMnyjibCOB)  reoMexpna  paapa^tnon  KaMepbi  aa  cnex  BbipaGaxbma- 
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HHa  lUaUieK  HSMCHSeTCfl  OHCHb  HeSHaHHXejIbHO.  B  TOpUeBOM  M30JIHT0pe  6blJia  BbinOJI- 
Hena  c[)opKaMepa  rjiy6HHOH  5  mm,  Koxopaa  cnyXHX  ^HKBH^l;a^HH  HayrJiepoxHsa- 
HH«  pa6oqHX  noBepxHocxew  4>ToponjiacxoBbix  uiameK  b  o6jiacxH  cxurobkh  hx  c  xop- 

UeBblM  H30JiaX0p0M. 

Bjtok  HHHUHHpoBanHfl  paspH/^a  (BHP)  (7)  KpenHJiCH  CBepxy  naKonHxejiH  aneprHH. 
Sapa^IKa  BHPa  ocymecTBn>macb  ox  ochobhoxo  sapHaHoro  Hanp5i>KeHHa  J\jisi 

3JieKxpHHecKOH  pa3BJi3Kn  sapfl/IHbix  ueneH  ochobhoxo  naKonHxejiH  h  BHPa  b  Lienb 
nocjie^IHero  6bmH  BBej^enbi  flBa  conpoxHBJieHHa  no  1 ,3  kOm.  HnHUHHpoBaHHe  Ha  ^an- 
HOH  MOneiTH  6biJio  peajiH30BaH0  no  ^ipyxcxyneHHaxoH  cxcmc,  b  cbhsh  c  3xhm  nxHaHxep 
cocxoan  h3  ^syx  cxepjKHeBbix  3jieKxpoflOB,  paa^eneHHbix  KepaMHHecKHM  H30JiaxopoM, 
H  xpexbero  aneKxpofla  b  BHjne  nojioro  UHJiHH^pa,  oxBaxbiBaioiaero  3xox  H3onflxop.  Bca 
cSopKa  B  CBOK)  oqepe;i;b  noMeinajiacb  b  xoHKOcxeHHyio  KepaMHnecKyio  xpy6Ky  c  na- 
pyxcHbiM  ;j;HaMexpoM  8  mm. 

H  HaKonnxejib  h  ysen  paspa^Hon  KaMepbi  KpennjiHCb  na  o6u3;eH  chjioboh  nanxe 
XOJimHHOH  8  MM  H3  XCKCXOJIHXa.  IIjIHXa  HMCJia  UeHXpOBOHHblC  aJieMCHXbl  jyifl  XOHHOH 
ycxaHOBKH  Hn^  Ha  njtax4)opMy  xaroMepa. 

HeoSxoxtHMO  oxMexHXb,  hxo  panee  b  jia6opaxopHM  npH  ynacxHH  oahofo  m3  bb- 
xopoB  6bijia  Hccjie,aoBaHa  MOfl;ejib  HH/l,  c  HaKonnxejieM  eMKOcxbio  200  mkO.  HaKonn- 
xejib  3XOM  MOflejiH  cocxoHJi  H3  flByx  KOHACHcaxopOB  no  100  mkO,  noaxoMy  ero  na- 
HajibHaa  HH^yKXHBHOcxb  6bina  6ojiee  hcm  b  abb  paaa  Bwuie,  hcm  y  onHcaHHOH  Bbime 
MOACJiH.  KpOMe  xoro  HayxjiepoxHBaHHe  paGoHHX  noBepxHOCxeS  inameK  paGonero 
xena,  BbiSBaHHoe  no  Bcefi  bh^ihmocxh  CHJibHbiM  bbihocom  xokb  H3  paapa^HOH  KaMepbi, 
noxpeSoBajio  ycxanoBKH  ^^opKaMepbi  rjiy6HHOH  20  mm,  hxo  xaK>Ke  oxpHuaxejibHO  ckb- 
aajiocb  Ha  xapaKxepHCxnKax  HH/^,  B  cbhsh  c  3xhm  ero  xapaKxepHcxHKH  6yB;yT  npHBO- 
BiHXbca  a^ecb  jjjin  cpaBHenHii  kbk  HHiJiopMauHOHHbie. 

CxeH^IOBoe  oGopy^oBaHHe 

3KcnepHMeHTajibHaa  oxpa6oxKa  HIl^  npOBo;];Hxca  b  BaKyyMHon  KBMepe  06x6- 
MOM  2  Ky6.  M  npH  AaBJieHHH  ocxaTonnoro  rasa  He  6ojiee  0,01  Ha. 

OoBiaHa  paGoxero  HanpaoKeHna  Ha  ^tBHxaxejib,  a  xaKace  HMnyjibcoB  Ha  sanycK 
ABHxaxena  b  nponecce  Jia6opaxopHOH  oxpa6oxKH  HH^t  ocymecxBJiajiacb  ox  cxeHAo- 
BOH  CHcxeMbi  sjieKTponHxaHHa  h  ynpaBJiCHHa, 

/l^jia  xoHHoro  KOHxpojia  sapa^Horo  Hanpa)KeHHa  na  Hccjie^iyeMOH  MOfl,eiiH  HII/I 
6bui  npHMeneH  CMemaHHbiH  RC-AeiiHxejib  c  K034)4)BUHeHX0M  AeJienHa  1:1017,  koxo- 
pbiH  KOMMyxHpoBanca  na  sapaAHbie  KJieMMbi  ABHxaxejia.  6e3onacHOCxH  npOBeAe- 
HHa  H3MepeHHH  KaxoA  HIT/^  aaseMJiajica.  Tohhocxb  HSMepeHHa  sapaAHoro  Hanpa)Ke- 
HHa  HaKOHHxejia  HenocpeAcxBeHHO  nepe^  cpa6axbiBaHHe  ycxpoiicxBa  npH  homoihh 
AejiHxejia  cocxaBH.xa  BejiHHHHy  ±5  B,  nxo  cooxBexcxByex  xohhocxh  KOHxpojia  aana- 
caeMOH  SHeppHH  He  xyace  1%. 

PexHcxpauHa  pa3paAHoro  xoxa  ABHxaxejia  npOBOAHJiacb  c  noMombio  noaca  Po- 
roBCKoro,  oxBaxbiBaBiiiero  aHOAnyro  iiiHHy.  HHxerpnpoBaHHa  cHXHaiia  6biJi  npH- 
MeneH  RC-HHxerpaxop.  ^ycxBHxejibHocxb  noaca  Poxobckofo  c  HHxerpaxopOM  cocxa- 
BHJia  17  kA/B. 

CpeAHaa  xara  Hn,Zl,  onpeACJiajiacb  c  HcnonbsoBaHHeM  MaaxHHKOBoro  xaroMepa 
npaMoro  AeHCXBHa. 

OnpeflejicHHe  pacxoAa  paGonero  xena  npoBOAnnocb  BaBeuiHBaHHeM  uiameK  PT 
Ha  aHajiHXHHecKHx  Becax  A/I,B-200M  2-ro  Knacca  xohhocxh. 
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HccjiejoiBauHe  xapaKxepHCTHK  HFIJl 


B  npouecce  3KcnepHMeHTOB  HCCJIe^^oBaJIHCb  xaroBwe  xapaKxepHCTHKH  flBHraxejia 
(cpe^Haa  xara  npH  xacxoxHoii  pa6oxe  h  Macca  pa6oHero  xejia,  apo^HpyeMaa  sa  o^hh 
HMnyjibc),  a  xaKXce  4)HKCHpoBajiacb  (j)opMa  h  BejiHMHHa  paapa^tnoro  xoKa. 

PaspaAHbm  xok  b  HO/l, 

Hpeac^e  Bcero  Heo6xo/i;HMO  paccMOXpexb,  Kax  HSMeHaexca  pa3pa^i;HbiH  xok  b 
Hn/]^  c  60KOBOH  nofl;aMeH  pa6oBero  xejia  h  xapaKxepnayeMaa  hm  HH;];yKXHBHOCXb  abh- 
raxejia  bo  BpeMa  pa6oxbi,  b  aaBHCHMOCXH  ox  eMKOCxH  HaKonuxejia  BHepxHH.  Ha  Phc.2 
npeflCxaBJienbi  (j^opMbi  paapa^Hbix  xokob  HCCJieaosaHHbix  MOflH4)HKauHH  HH^:  1  - 
XOK  b  B;BHraxejie  c  HaKonnxejieM  eMKOCxbio  26  mkO;  2  -  xok  b  flBHxaxejie  npH  cmkocxh 
HaKonHxejia  64  mkO;  3  -  xok  b  flBHxaxejie  c  HaKonHxejieivi  eMKOCXb  103  mk5>.  Ha  axoM 
ace  pHcyHKe  fljia  cpaBHCHHa  npHBefleHa  4)opMa  xoKa  b  ^iBHxaxejie,  HaKonwxejib  Koxopo- 
ro  HMCJi  eMKOCXb  200  mkO  (mxpHXOBaa  jiHHHa).  KaK  yaodnyio  xapaKxepHCXHKy  cxe- 
neHH  anepHo/IHHHOCxH  paapa^a  moxcho  BBecxH  cooxHomeHHe  BenHHHH  aMnjiHxy^i  nep- 
Boro  H  Bxoporo  MaKCHMyMOB  paapaflHoro  xoKa  /  =  Ii/Ij  -  3HaqeHHa  3xoro  napaMex- 
pa  fljia  ABHxaxejieH  c  paajiHBHbiMH  eMKOCxaMH  HaKonHxejiefi  npHae^CHbi  b  xa6iiHue. 
TaM  ace  flaHbi  pacqHxaHHbie  no  ocuHnjiorpaMMaM  xoKa  cpe^iHHe  HH^^yKXHBHOcxn  paa- 
pa^a  na  nepBOM  nonynepnofle  xoKa  Lx. 

Ta6jiHna 


Emkoctl 

HaKOnHTCJIfl 

HanajibHaa  hh- 
flyKTHBHOCTb 

Lo  (hFh) 

PaapaflHaH  HHflyK- 
THBHOCTb  HIIA 

Le  (hFh) 

HHflyKTHBHOCl'b 
TOKOBOH  nepCMblHKH 

Lp=Le-Lo  (hFh) 

CooTHonieHHe 

HHflyKTHBHOCreH 

LoTH“Lp/Lo 

ITapaMerp 

/ 

26  mkO 

20 

35 

15 

0,75 

64  mkO 

20 

40 

20 

1,0 

2,4 

103  mkO 

20 

45 

25 

1,25 

2,5 

200  mkO 

50 

85 

35 

0,7 

2,75 

Ho  BenHBHHe  Lp  Moacno  npHMepno  ouennxb,  KaKoe  paccxoanne  Xsn  npoxo^nx 
“nenxp  Macc”  xokoboh  nepeMbiHKH  B^iojib  ojieKxpOAOB  bo  BpeMa  nepBoro  nojiynepno- 
^^a  xoKa.  YHHXbiBaa  xo,  hxo  noronnaa  HHAyKXHBHOcxb  ojieKxpoflOB  L’  y  Bcex  paccMax- 
pHBaeMbix  HH/II  6biJia  na  ypoBne  6,5  nPH/cM,  Moacno  pacnnxaxb  BejiHHHHy  Xan  flJia 
/IBHraxenen  (b  nopa^Ke  BoapacxaHna  cmkocxh  naKonnxejia):  2,3  cm  /  3,0  cm  /  3,8  cm  / 
5,4  CM.  nocjie;r];Haa  uH(|)pa,  Koxopaa  oxnocnxca  k  MO/i;ejiH  HH^Zl,  c  eMKOCxbio  naKonn- 
xejia  200  mkO,  kocbchho  noflXBepac;[];aex  npaBHJibHocxb  npe^^nonoacenna  o  xom,  bxo 
npnnHHa  HayraepoacHBanHa  mameK  paSonero  xejia  b  3xoh  MOAH(|)HKauHH  /pnraxejia 
CBaaana  c  CHJibHbiM  bbihocom  paapaflHoro  xoKa  B^ojib  ajiCKxpoaoB,  b  peayjibxaxe  Hero 
njioxHocxb  HajiynenHa  na  njiaaMbi  na  mauiKH  paGonero  xejia  nejjocxaxoHHa  ne  xonbKO 
fljia  a6jiaiJ(HH  ^^Toponjiacxa,  ho  h  ^na  cnaxHa  xohkoh  rpa4)HXOBOH  nJieHKH,  KOXopaa 
ocaac^iaexca  na  noBepxHOCxb  mameK  nocjie  Kaacfloro  paapa^^a. 

Ha  coBMecxHoro  aHarmaa  ^aHHbix,  npHBefleHHbix  b  xa6jiHi^e,  h  xaroBbix  xapaK- 
xepncxHK  flBHraxejieH,  onncaHHbix  ^a-aee,  bhaho,  hxo  BbicoKHH  napaMexp  /  aBJiaexca 
Heo6xoAHMbiM,  HO  HO  AOCxaxoHHbiM  ycHOBHeM  Ana  nojiynenHa  jiynmHX  bchhhhh  hm- 
nyjibca  xarH  h  KH/];  -  Heo6xoAHMO  em;e,  Hxo6bi  cooxHomeHHe  Lo™  HHAyKXHBHOcxH 
paapaAHOH  KaMepbi  Lp  h  HanajibHOH  wHAyKXHBHocxH  Lo  6bmo  xaKace  bmcokhm. 
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TaroBbie  xapaKxepHCTHKH 

CpeflHHH  Tara  onpeAejianacb  c  HcnojibSOBaHHCM  MaaxHHKOBoro  xaroMepa 

npaMoro  fleHcxBHa.  IlpH  qacxoxHOH  pa6oxe  ABHraxejia  (f-2  Fp)  njiax(J)opMa  xaroMcpa 
nop  peHCXBHeM  CHJibi  peaKXHBHoii  xarn  CMeinaexca.  BejiHHHna  CMeipenna  (|)HKCHpyexca 
no  H3MeHeHHio  aasopa  Me^py  HHpyKpnoHHbiM  paxHHKOM  h  njiacxHHon  h3  MaxHHXO- 
MarKoro  Mexajina,  xecxKo  saKpenpeHHon  na  npax4)opMe,  h  nponoppHonaPbHa  cpep- 
neii  xare  HFI/],.  Cnraap  c  paxBHKa  BbiBopHxca  na  MHJUiHBOJibXMexp. 

A6cojiioxHaa  BejiHHHna  xarn  pBnraxejia  onpepepaji;acb  nocpe  KapH6poBKH  xaro¬ 
Mepa  cxaxHBecKOM  CHJiOH  onpepejieHHOH  BejiHHHHbi.  HMnyiibc  xarn  BbicHHXbiBaexca 
pejiCHHCM  cpepnen  xarn  psHraxena  npn  MacxoxHon  pa6oxe  na  nacxoxy  cjiepoBanHa 
HMnyjibCOB. 

^jia  onpepejicHHa  pacxopa  Maccbi  paGonero  BeipecxBa  3a  MMnypbc  npOBopnnocb 
BSBeuiHBaHHe  mameK  na  anajiHXHHecKHX  Becax  po  h  nocne  cepnn  H3  necKOPbKHx  Xbi- 
can  HMnyjibcoB.  Tohhocxb  B3BemHBaHHa  cocxaBJiapa  0, 1  mx,  hxo  npn  pacxope  pa6oHe- 
ro  xepa  3a  cepnio  He  Menee  200  Mr  cooxBexcxByex  xomhocxh  HSMepeHHa  pacxopa  pa- 
6oHero  xepa  3a  HMnypbc  ne  xy>Ke  0,05%, 

riepeHpeM  k  paccMOxpeHHio  xaroBbix  xapaKxepHcxnK  onncbiBaeMbix  pBnraxepen. 
B  npopecce  HCCPepoBaHna  onpepepapHCb  saBHCHMOCxH  mx  ox  3HeprHH,  aanacacMOH  b 
HaKonnxepe  HII/l,,  h  ox  uiHpHHbi  paapapHoro  Kanapa  (paccxoaHHa  Mexpy  mauiKaMH). 
Ha  Phc.3  npepcxaBPeHbi  3aBHCHMocxH  xapaKxepHCXHic  HH/I,  c  HaKonHxepeM  eM- 
KocxbK)  103  mkO  h  paapapHbiM  KanaxoM  uihphhoh  20  mm  ox  SHeprHH  HaKonHxepa.  H3 
pHcyHKa  BHpHO,  HXO  npH  aneprMH  100  HMnypbc  xarn  pocxnraex  BepHHHHbi  2,7 
mH-c  npH  xoM,  HXO  xaroBbiH  K03(|)4)HnHeHX  nope3Horo  peHCXBHa  cocxaBPaex  16,2%. 

Ha  Phc.4  noicaaaHo  BPHaHHe  uiHpHHbi  paapapnoro  Kanapa  na  xapaKxepHCXHKH 
XOM  >Ke  MopH(|)HKanHH  HH^,  npH  aHepxHH  80  IlpH  ppyrnx  ananeHMax  aanacaeMoii 
SHeprHH  pHHaMHKa  HaMeHenna  napaMexpOB  npn  H3MeHeHHH  lUHpHHbi  Kanapa  coxpa- 
naexca,  no,  ecxecxBenno,  nappyroM  ypoBne  a6copK)XHbix  anaHeHHH. 

H3  Phc.4  bhpho,  hxo  HH,!!,  c  6okoboh  nopaneM  paSonero  xepa  noaBOPaex  aa 
cnex  H3MeHeHHa  iiiHpHHbi  Kanapa  BapbMpoBaxb  napaMexpaMH  npaaMennoro  crycxKa: 
MOPCHO  noBbiuiaxb  HMnypbc  xarn  aa  cnex  neanaHnxepbnoro  npoHrpbiuja  b  KH/^  h  na- 
o6opox.  To  ecTb  npn  nxMenennH  uiHpnnbi  Kanapa  npOHCxopHx  naMenenHe  cooxnouie- 
HHa  raaopHnaMHHecKoro  h  speKxpOMarnnxnoro  MexannaMOB  ycKopenna  h  mx  BKPapa  b 
HMnypbC  xarn  h  KH^. 

Ha  Phc.5  npuBepenbi  xapaKxepncxHKH  xpex  pBnraxepen  c  paanbiMH  eMKOCxaMH 
naKonnxepen:  26  mkO,  64  mkO  h  103  mkO.  ^ph  scex  xapaKxepncxMK  nanapbBbie 
ycpoBHa  opnnaKOBbie:  aanacacMaa  anepraa  80  h  uinpHna  paapapnoro  Kanapa  20 
mm.  Ha  pncyHKe  npHBepenbi  xaKa<e  pannbie  ppa  pBHxaxepa  c  eMKOCXbio  200  mkO,  xoxa 
ero  HanapbHaa  nnpyKXHBHocxb  6bipa  neypoBPexBopHxepbno  bbicokoh,  hxo  ne  noano- 
paex  npoBopnxb  apeKBaxnoe  cpaBnenne  ero  xapaKxepHCXHK  c  xapaKxepncxHKaMn  ppy- 
rnx  onHCbiBaeMbix  Mopepeil.  Bcpepcxane  bhcokoh  HanapbHOH  nnpyKXHBnocxn  h  rpy- 
6okoh  4)opKaMepbi  xaroBue  xapaKxepncxHKH  axon  Mopepn  6biPH  oxnocnxepbHO  hh3- 
khmh. 

Ha  Phc.5  BHpna  ornexPHsaa  xenpenuHa  na  ypypiuenHe  Bcex  napaMexpOB  npn 
noBbimenHH  cmkocxh  naKonHxepa:  yBepHnenne  HMnypbca  xarn,  CKOpocxH  h  KH/I,  h 
yMenbiuenHe  apopHpycMOH  Maccbi, 

OpnaKO,  xaK  kbk  no  Mepe  yBePHnenna  cmkocxh  naKonHxepa  ynePHHHBaexca  Bbi- 
Hoc  XOKOBOH  nepeMbiHKH  Bpopb  3peKxpopoB,  ocxaexca  ne  po  Konpa  HCCpepoBannbiM 
Bonpoc,  npH  KaKOH  cmkocxh  naKonHxepa  xapaKxepHCXHKH  nannyx  yxypuiaxfaca  aa 
cnex  yBepHHeHHa  rpy6HHbi  (|)opKaMepbi,  xpe6yeMOH  ppa  PHKBHpapHH  nayrpepojKHBa- 
HHa,  KaK  3X0  npoHaouiPO  na  pBHxaxepe  c  naKonHxepeM  200  mkO. 
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HccjiejoBaHHe  pacnpeaejicHHfl  xoKa  Bjojib  3JieKTpoaoB 


onpe^teneHHH  flHnaMHKH  tokoboh  nepeMbiHKH  b  cnyMae  noBbimenHOH  cm- 
KOCTH  HaKOiiHTejia  6biJio  npoBCASHO  HccjieAOBaHHe  pacnpeACJisHHH  paapaAHoro 

TOKa  no  flJiHHe  sjieKTpOAOB  ABuraxeAH  npH  noMOinH  noacoB  PoroBCKoro,  bmohthpo- 
BaHHbix  B  KaxoA.  3xh  sKcnepHMeHXbi  SbiJiH  npoBCASHbi  na  KOH(|)HrypauHH  HII^  c  cm- 
KOcxbK)  HaKonHxejia  103  mkO. 

/^Jla  ycxanoBKH  noacoB  Pofobckoxo  b  KaxoA®  ABwraxejia  6biJiH  BbinojiHenbi  bo- 
ccMb  nonepeHHbix  oxBepcxHH  AHaMexpOM  3  mm.  CxeMa  pacnojioaceHHa  oxBepcxHH,  a 
xaKace  oKOHnaxejibHaa  cxeMa  ycxanoBKH  oahoxo  h3  noacoB  Pofobckoxo  b  KaxoAS  no- 
KasaHbi  Ha  Phc.6.  Kbk  bhaho  h3  pHcyHKa,  ycxaHOBJieHHbiH  xbkhm  o6pa30M  noac  pexH- 
cxpHpyex  xoK,  co6HpaeMbiH  ynacxKOM  nosepxHOcxH  KaxoAa,  oxpaHHMeHHbiM  AsyMa 
na3aMH.  OceBaa  npoxaaceHHOCxb  KaacAOFO  yqacxKa  6  mm.  IllHpHHa  naaa  Mea(Ay 
ynacxKaMH  —  1  mm.  CneAHanbHO  noA  3xy  aaAany  6biJio  HaxoxoBJieHO  hcckojibko  noa- 
coB  Pofobckoxo  AnaMexpOM  2,5  mm  (MaJibm  AwaMexp  xopa).  H3-3a  yMCHbUicHHOxo 
AHaMcxpa  Hx  HyBcxBHxejibHOCxb  cocxaBHJia  85  kAVB. 

OAHOBpeMeHHo  Ha  kbxoa  ycxanaBJiHBajiocb  ox  oahofo  ao  xpex  noacoB.  PexH- 
cxpauHa  xoKOB  npon3BOAHJiacb  bo  mhofhx  HMnyjibcax  h  nocjie  3xofo  bcc  A^HHue 
noAsepraAHCb  cxaxHCXHHecKOH  o6pa6oxKe.  XapaxxepHaa  ocAHJUioxpaMMa  xokobofo 
CHFHana  c  oahoh  h3  njioiAaAOK  npHBeAena  Ha  Phc.7. 

OSpamaex  na  ce6a  BHHMaHHC  KopoxKHH  BcnjiecK  b  Hanajic  ocuHJinorpaMMbi.  3xa 
oco6eHHOCXb  npHcyxcxByex  na  Bcex  AnaxHOCXHpyeMbix  ynacxKax  KaxoAa  (KpoMe  nep- 
BOFO,  FAC  OH  cjiHBaexca  c  ocHOBHbiM  CHFHajioM),  HpuHCM  HCM  Aa^biiie  ynacxoK  pacno- 
jioxceH  ox  xopueBOFo  Hsojiaxopa,  xeM  6ojibme  BpcMa  MaKCHMyMa  3xofo  riHHKa.  Ho 
paccxoaHHK)  McacAy  ynacxKaMH  KaxoAa  h  no  cMeiueHHio  bo  bpcmchh  nHMKa  moxcho 
oueHHXb  CKOpocxb  ABHaccHHa  ancMeuxa  xoKa,  KOXopbiH  BbiSbiBaex  3xy  oco6eHHOCxb  na 
ocAHJinoxpaMMe.  Ona  cocxasnaex  npHMepno  40  km/c.  IIo  anajioxHH  c  nna3MeHHbiM 
(j^op-cxycxKOM,  KoxopbiH  BccFAS  npHcyxcxBycx  B  MoacHO  Ha3Baxb  3xy  nacxb 

xoKa  (|)op-xoKOM.  OceBaa  npoxaacenHocxb  4)op-xoKa  cocxaBJiaex  npHMepno  10-15  mm. 

riepeAHHH  4)poHX  OCHOBHOH  HECXH  xoKa,  Koxopaa  npeAcxaBJieHa  Ha  Phc.7  6ojib- 
uiHM  FopSoM  Ha  ocHHJiJioxpaMMe,  ABHXcexca  CO  CKopocxbK)  npHMepHO  25  km/c,  npH 
xoM,  4X0  cKopocxb  “ucHxpa  Macc”  3XOFO  xoKa  10-13  km/c.  HnxepecHO  oxMexHXb,  4XO 
cpeAHeMaccoBaa  CKOpocxb  nJiasMeHHOxo  cxycxKa  aAh  sxofo  peacHMa  cocxaBJiaex 
1 1  km/c.  ripoxaaceHHOCXb  ochobhofo  xokobofo  cjioa  baojib  och  HHaceKUHH  naaaMbi  - 
30-40  MM  (ajihhe  3jieKxpoAOB  70  mm). 

/l,HHaMHKa  ABHXCeHHa  XOKOBOFO  CJIOa  BAOJIb  SACKXpOAOB  VLIIJI  BO  BpeMCHH  nOKa- 
3aHa  Ha  Phc.8,  fac  npHEeACHbi  6e3pa3MepHbie  xHCXoxpaMMbi  pacnpeAeneHHa  xoKa  b 
pa3JiH4Hbie  MOMeHXbi  BpeMCHH.  Bhaho,  mxo  ^JOp-xoK  AOCXHxaex  cpeaa  3JieKxpoAOB  b 
KOHHe  BxopOH  MHKpoceKyHAbi  paspaAa  h  nopoacAaex  xaM  xoKOByio  npHsaaKy,  nepea 
KOXopyK)  Ha  nexBepxoH  MHKpoceKyHAe  paapaAa  (AJinxejibHOCxb  nojiynepHOAa  paapaA- 
HOFO  xoKa  -  7,2  MKc)  npoxeKaex  aaMexnaa  nacxb  Bcexo  paapaAHOXo  xoKa.  IIpH  npn- 
6jiHxeHHH  cyMMapHOFO  xoKa  B  Hn/](  K  Hyjiio  B  njiasMC  oSpasyexca  aaMKHyxaa  xoko- 
Baa  nexjia,  aaMbiKaiomaaca  nepea  sjiCKxpoAbi  kbk  noKaaaHO  nyHKXHpHofi  JiHHHeH  na 
Phc.6:  b  momchx  (t=7,2  mkc),  KOXAa  no  ocHHiuiOFpaMMe  paapaAHOxo  xoKa  (cm.  Phc.2) 
XOK  B  ABHxaxejie  paBen  Hyino,  Bce  eme  cymecxByex  npHBaaxa  na  KOHuax  sjieKxpoAOB  h 
yace  paaBHBaexca  xok  oGpaxHOxo  HanpasjieHHa  baojib  xoppeBOxo  naojiaxopa.  Ha  bxo- 
poM  nojiynepHOAe  xoKa  Kapxnna  npaKxnnecKH  noBXOpaexca,  xoubko  npn  oxcyxcxBHH 
(|)op-xoKa. 
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Pa6oTOcnoco6HOCTb  paspajOHoro  Kanajia  HIIH 


B  3aKJiK)HeHHH  GbiJio  nposefleHo  HCCJie^oBaHHe  pa6oTocnoco6HOCTH  flBHraTejw 
Ha  pasjiHHHbix  peacHMax  paGoTbi  (BapbHpoBajiHCb  anepraa,  eMKOCXb  h  paccxoaHHe 
Meagiy  uiauiKaMH  pa6oHero  xena)  c  tohkh  apCHHa  OTcyxcTBHH  HayrjiepoacHBaHHa  pa- 
60HHX  noBepxHOCxeii  uiameK  paSonero  xejia.  3xh  HCCJie;3;oBaHHa  noKasajiH,  hxo  am 
HaKonHxejia  noBbiiueHHOH  cmkocxh  KpHXHMecKHH  peacHM  (Hanaiio  HayrnepoacHBaHHfl) 
npH  CHHaceHHH  aanacaeMOH  BHepxHH  nacxynaex  na  6ojiee  bucokom  ypOBHe  SHeprHH, 
HCM  AM  HaKOHHXeM  MeHbUieH  eMKOCXH.  rio  BHAHMOMy  3X0  CBflSaHO  C  6oJlbUJHM  Bbl- 
HocoM  xoKa  H3  paspHAHOxo  KBHajia  npH  yBejiHHeHHH  AAHxejibHocxH  paspaAHoro  xoKa. 

BblBOAbl 


1.  npOBeACHHue  HCCJieAOBaHHa  noATsepAHJiH  npaBHJibHocxb  npeAnojio>KeHHa  o  xom, 
Mxo  npH  yBenHHeHHH  cmkocxh  HaKonHXCM  SHCpxHH  xaroBbie  xapaKxepHcxHKH  HIl^ 
noBbiuiaioxca. 

2.  noBbimcHHC  xapaKxepHCXHK  b  3xom  cjiynae  csaaaHO,  no  bcch  bhahmocxh,  c  yAJiHHC- 
HHCM  pa3paAa  m  yBCJiMHCHHCM  AeKpcMCHxa  saxyxaHHH  paapHAHoro  xoKa,  xxo,  b  cbokd 
OHcpcAb,  CKasbiBaexcH  Ha  jiynuiCM  coxAacoBaHHH  bpcmchhoh  4)opMbi  paapaAHoro  xoKa 
H  ahhbmhkh  BbixoAa  Maccbi  c  noBcpxHOCXH  maiucK  paGonero  xcjia. 

3.  noBbimcHHc  CMKOCXH  HaKonHxcM  Hllfl  Hccex  B  ce6e  h  HcraxHBHyio  xchachahk), 
CBSiaaHHyio  c  yBCJiHHCHHCM  BbiHOca  xoKa  H3  paapHAHOH  KaMcpbi  H,  xaKHM  oGpaaoM, 
OXAHJICHHCM  30HbI  rCHCpaAHH  MaCCbl  (uiaUIKH  PT)  H  30HbI  yCKOpCHHH  (xOKOBblH  cjioh). 
KpoMC  xoro  GoHbuioH  BbiHoc  xoKa  npMBOAHX  K  yxyAmcHHK)  paGoxocnocoGHOCxH 
HDA  c  xoMKH  apcHHH  HayrjicpoacHBaHHH  maiucK  PT. 

4.  Ha  AByx  npcAbiAymHX  nyHKxoB  MoacHO  CAenaxb  buboa  o  xom,  hxo  am  KaacAoro 

ypOBHa  3HcprcxHKH  AOJiacna  cymecxBOsaxb  onxHMajibnaa  CMKOcxb  naKonHxcM 

SHCpXHH. 

5.  3KcnepHMCHxajibHO  oGnapyaccHo  cymecxBOBaHHc  b  HCCjicAosaHHbix  moacmx  HH^ 
xaK  HasbiBacMoro  c^op-xoKa.  Ho  HauicMy  mhchhk)  cro  najiHHHC  asMcxca  cKOpec  ox- 
pHutaxcAbHbiM  (|)aKXOM,  x.K.  OH  npOBOAHpycx  CHJibHyio  xoKOByK)  npHBa3Ky  BAancKC  ox 
HCXOMHHKa  Maccbl. 


EjiaroAapHOCTH 
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Phc.3.  SaBHCHMOCTb  xaroBtix  xapaKxepHCTHK  VLU.J3,  ox  SHepxHH  HaKonnxena 
(C=103  MK®,  uiHpHHa  Kanajia  -  20  mm) 


Phc.5.  SaBHCHMOcxb  xaroBbix  xapaKxepHCXHK  ox  cmkocxh  HaKonHxeJW 

(uiHpHHa  Kanajia  -  20  mm,  W=80  • 


Phc.6.  PacnojioMceHHe  noacoB  PoroBCKoro  b  Kaxo^^e 


Phc.7.  XapaKTepHaa  ocuHJiJiorpaMMa  xoKa  Ha  sjieivieHx  Kaxo/ia 


Phc.8.  Pacnpe^ejieHHe  xoKa  no  Kaxofla  b  pasHbie  MOMenxbi  BpeMeHH  ox  Hanajia  paspa^a. 

CacBa  HanpaBO,  CBq)xy  bhh3:  0,2  -  0,8  -  1,4  -  2,0  -  2,6  -  3,2  -  3,8  -  4,4  -  5,0  -  5,6  -  6,4  -  7,0  mkc 


The  Influence  of  Energy  Storage  Capacitance  on  PPT  Characteristics 


Kiivonosov  I.G.,  Orlov  M.M.,  Popov  G.A.,  Yakovlev  V.N. 
RIAMEMAI 

125810  Moscow,  Volokolamskoe  sh.,  4 
Fax;  (095)  158-03-67 

Abstract 


The  technology  of  small  spacecrafts  needs  micropropulsion  systems  for  attitude  control 
in  Earth  orbit,  orbit  raising  etc\  One  of  the  real  claimant  for  this  application  is  pulsed  plasma 
thruster  (PPT),  which  can  operate  at  the  power  level  of  tens  watts  and  has  low  weight,  small 
size,  low  thrust  level  and  small  impulse  bit. 

The  main  element  of  PPT  is  capacitance  energy  storage  (ES).  Its  electrical  parameters, 
such  as  capacitance,  inductance  and  active  resistance,  can  exert  influence  not  only  on  proc¬ 
esses  in  discharge  channel,  but  also  on  thrust  characteristics  of  PPT. 

In  this  article  preliminary  results  of  investigation  of  ES  capacitance  influence  on  PPT’s 
thrust  characteristics  are  presented.  Besides  that  the  investigation  of  discharge  current  distri¬ 
bution  along  PPT  electrodes  was  accomplished  by  means  of  Rogovski  belts  mounted  into  the 
cathode. 

As  the  result  of  experiments  we  received  the  dependencies  of  measured  (impulse  bit  and 
plasma  blob  mass)  and  calculated  (overage  plasma  velocity  and  PPT  efficiency)  PPT’s  thrust 
characteristics  vs.  the  capacitance  of  ES.  These  dependencies  shows,  in  investigated  range  of 
capacitance,  the  tendency  to  improvement  on  PPT  characteristics  (impulse  bit  is  greater  by 
-10%,  efficiency  -  by  -20%)  when  high  capacitance  ES  is  used. 

The  investigation  of  current  distribution  along  PPT  electrodes  shows  that  main  current 
layer  in  plasma  has  longitudinal  dimension  of  30-40  mm  and  moves  along  the  electrodes  with 
the  velocity  of  about  10-13  km/s.  It  was  noted  that  at  the  beginning  of  discharge  (before  the 
main  current  layer)  such  called  foregoing  current  (fore-current)  is  presented.  This  fore-current 
moves  along  the  electrodes  with  the  velocity  of  about  40  km/s. 

Introduction 

One  of  the  way  to  increase  PPT’s  thrust  characteristics  is  to  optimize  ES  electric  pa¬ 
rameters.  But  in  that  case  we  need  to  know  the  influence  of  any  parameter  on  processes  in 
discharge  channel  and  accordingly  on  thrust  characteristics  of  PPT. 

The  influence  of  inductance  and  active  resistance  of  ES  on  PPT  characteristics  is  clear; 
the  increasing  of  active  resistance  of  any  element  of  discharge  circuit  leads  to  the  increasing 
of  Joule  heating  in  this  element,  but  it’s  harmful  energy  expenditure;  the  increasing  of  ES  in¬ 
ductance,  which  is  the  part  of  PPT  initial  inductance  Lo,  also  exerts  negative  influence  on  PPT 
characteristics,  especially  if  this  inductance  is  equal  or  greater  than  discharge  chamber  induc¬ 
tance  Ld=L  -X,  where  L'  [H/m]  is  electrodes’  specific  inductance  and  X  [m]  is  maximum 
distance  of  current  moving  along  the  electrodes. 

But  the  influence  of  ES  capacitance  on  thrust  characteristics  of  PPT  is  indeterminate. 
Some  investigators^  consider  that  it  is  necessary  to  shorten  the  discharge  by  means  of  the  ca¬ 
pacitance  decreasing  and  voltage  increasing  (so  that  the  energy  was  constant)  in  order  to  im- 
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prove  PPT  characteristics:  this  step  must  leads  to  degree  of  ionization  increasing  and  working 
body  utilization  improving. 

But  on  the  basis  of  equations  of  simple  electromagnetic  modeP  earlier  we  drew  a  con¬ 
clusion''  that  PPT’s  thrust  characteristics  must  improve  when  current  is  prolonged  and  aperi¬ 
odic  (decrement  of  current  oscillations  is  high).  After  numerical  solution  of  RLC-circuit  os¬ 
cillations  equation  it’s  clear  that  it  can  be  made  by  means  of  inductance  decreasing  or  active 
resistance  and  capacitance  increasing.  The  tendency  of  circuit  inductance  decreasing  at  the 
expense  of  initial  inductance  is  presented  on  all  of  our  PPTs,  but  in  this  way  it’s  physical  lim¬ 
its,  which  are  connected  with  internal  inductance  of  capacitors  and  transmission  lines  induc¬ 
tance.  So  the  only  way  to  make  aperiodic  (or  quasi-aperiodic)  discharge  in  PPT  is  the  in¬ 
creasing  of  capacitance  and  at  the  same  time  decreasing  of  voltage,  so  that  the  energy  of  ES 
will  be  constant. 


Experimental  Set 


PPT  experimental  model 

ES  consists  of  eleven  capacitors  and  has  total  capacitance  of  103  |a,F  (maximum  work¬ 
ing  voltage  of  capacitors  —  2,5  kV).  The  capacitors  in  ES  were  placed  by  compact  honey¬ 
comb  scheme  and  connected  by  means  of  two  flat  copper  transmission  lines.  Between  the 
lines  insulating  Teflon  fdm  of  0,2  mm  thickness  was  inserted.  Initial  inductance  of  ES  itself  is 
10  nH.  ES  was  designed  like  that  it  was  possible  to  decrease  its  capacitance  by  means  of  re¬ 
moval  electric  connection  between  central  outlet  of  any  capacitor  and  upper  (ground)  trans¬ 
mission  line  without  the  withdrawal  of  capacitor.  Next  values  of  capacitance  were  chosen  for 
investigation:  26,  64  and  103  pF.  Stored  energy  was  in  the  range  40^100  J. 

PPT’s  discharge  chamber  was  railgun-type  with  side  feeding  of  working  body  (Teflon). 
Structure  scheme  of  discharge  chamber  and  external  view  of  ES  are  depicted  in  Fig.l. 

The  elements  of  discharge  channel  have  next  dimensions:  height  of  Teflon  bars 
(distance  between  the  electrodes)  —  40  mm,  depth  of  discharge  channel  (axial  dimension  of 
bars)  -  30  mm,  width  of  the  channel  (distance  between  the  Teflon  bars)  can  changed  from  5 
to  20  rnm.  Electrodes  width  was  40  mm,  length  of  electrodes  from  back  ceramic  insulator  to 
the  cut  -  70  mm. 

Discharge  chamber’s  body  (1)  was  made  from  textolite,  on  which  next  elements  were 
mounted:  PPT  electrodes,  (anode  (2)  and  cathode  (3));  back  insulator  (4)  and  spark  plug  (5). 
Teflon  bars  (6)  were  fixed  between  the  electrodes.  On  the  stage  of  experimental  investigation 
we  are  decided  don’t  use  bars  feeding  system,  because  after  small  series  of  PPT  firings 
(~3-10^  pulses)  distance  between  Teflon  bars  changes  very  slightly.  On  the  body  of  back  in¬ 
sulator  so-called  forechamber  with  depth  of  5  mm  was  made.  Forechamber  is  necessary  for 
elimination  of  carbonization  of  Teflon  bars  surfaces. 

Discharge  ignition  unit  (DIU)  (7)  was  mounted  on  ES.  DIU  use  the  same  voltage  that 
ES  use.  In  order  to  eliminate  the  influence  of  ES  and  DIU  on  each  other  two  resistors  of  1,3 
kn  were  used  in  the  electric  circuit  of  DIU.  Ignition  at  this  PPT  was  two-staged,  so  spark 
plug  consists  of  three  electrodes:  two  pins  and  one  cylindrical.  The  outer  diameter  of  spark 
plug  is  8  mm. 
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ES  and  discharge  chamber  were  mounted  on  textolite  plate,  which  had  elements  for 
precision  installation  of  PPT  on  thrustmeter  platform. 

It  is  necessar^^  to  note  that  earlier  in  laboratory  under  participation  of  one  of  authors 
model  of  PPT  with  200  |xF  ES  was  tested.  ES  of  this  model  consisted  of  two  100  |iF  capaci¬ 
tors,  so  its  initial  inductance  was  more  than  two  times  greater  than  the  one  of  described 
model.  Moreover  the  carbonization  of  Teflon  bars,  which  was  caused  by  current  great  going 
out  the  discharge  chamber,  leads  to  necessity  of  mounting  the  forechamber  with  depth  of  20 
mm.  All  of  this  had  negative  influence  on  PPT  characteristics.  So  this  PPT  characteristics  will 
be  used  in  present  report  only  for  information  and  comparison. 

Experimental  stand  equipment 

PPT  experimental  testing  was  made  in  vacuum  chamber  with  volume  of  2  m^  under 
pressure  less  that  0,01  Pa. 

Experimental  stand  system  of  power  supply  and  control  was  used  in  order  to  provide 
PPT  with  electric  power  and  control  signals  during  testing. 

For  precision  control  of  ES  charging  voltage  mixed  RC-divider  with  coefficient  1:1017 
was  used.  Divider  was  mounted  on  PPT  input  leads.  Cathode  was  grounded  for  safety  ex¬ 
periments.  The  precision  of  charging  voltage  measurement  directly  before  PPT  firing  using 
divider  was  ±5  V  which  corresponds  to  stored  energy  control  precision  about  1%. 

PPT  discharge  current  registration  was  carried  out  by  means  of  Rogovski  belt,  which 
was  laid  around  ground  transmission  line  (num.8  in  Fig.l).  RC-integrator  was  used  for  Ro¬ 
govski  belt  signal  integration.  The  sensitiveness  of  belt  with  this  integrator  was  17  kAA^. 

Average  thrust  of  PPT  measured  by  pendulum  thrustmeter  of  direct  working. 

The  measurements  of  working  body  mass  loss  during  PPT  working  were  carry  out  by 
means  of  weighing  of  Teflon  bars  at  the  analytical  balance  with  precision  0,1  mg. 

PPT  characteristics  investigation 

During  the  experimental  work  PPT’s  thrust  characteristics  (average  thrust  under  fre¬ 
quency  operation  and  mass  of  Teflon,  ablated  per  one  pulse)  were  investigated  and  also  form 
and  amplitudes  of  discharge  current  were  recorded. 

PPT  discharge  current 

First  of  all  it’s  necessaiy  to  examine  the  influence  of  ES  capacitance  on  the  discharge 
current  and  on  total  inductance  of  electric  circuit  of  PPT  with  side  feeding  of  working  body. 
Fig.2  shows  the  discharge  currents  in  PPT  with  various  ES  capacitance:  1  -  current  of 
thruster  with  ES  capacitance  of  26  pF;  2  -  current  in  thruster  when  64  pF  ES  is  using;  3  - 
current  for  103  pF  ES.  In  the  same  figure  the  current  form  in  thruster  with  ES  capacitance  of 
200  pF  is  also  presented  for  comparison  (dotted  line).  The  ratio  of  amplitudes  of  discharge 
current  at  first  and  second  half-periods  /  =  /,  can  be  used  as  convenient  characteristic  of 
discharge  damping.  The  values  of  this  parameter  for  thrusters  with  various  ES  capacitance  are 
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presented  in  Table.  In  this  table  total  average  inductance  L5;  of  PPT,  calculated  from  first  half¬ 
period  of  discharge  current,  is  also  shown. 

Table 


ES 

capacitance 

Initial  induc¬ 
tance 
Lo(dH) 

Total  inductance 
of  firing  PPT 

Lr  (nil) 

Plasma  current 
inductance 
Lp^Lr-Lo  (nH) 

Inductance 

ratio 

Lj-  Lp/Lo 

Ratio  I 

26  pF 

20 

35 

15 

0,75 

l,8-2,0 

64  pF 

20 

40 

20 

1,0 

m 

103  pF 

20 

45 

25 

1,25 

2,5 

200  pF 

50 

85 

35 

0,7 

2,75 

Using  the  value  of  Lp  it  is  possible  to  calculate  (approximately)  the  distance  X  discharge 
current  “center  of  masses”  is  moving  along  the  electrodes  during  the  first  half-period  of  cur¬ 
rent  oscillation.  Taking  into  account  that  the  special  inductance  L  of  electrodes  in  all  investi¬ 
gated  PPTs  was  about  6,5  nH/cm,  the  values  of  X  for  all  thrusters  can  be  calculated  (in  order 
of  capacitance  increasing):  2,3  cm  /  3,0  cm  /  3,8  cm  /  5,4  cm.  Last  value,  which  is  corre¬ 
sponding  to  the  PPT  with  ES  capacitance  of  200  pF,  indirectly  confirm  the  supposition  that 
the  reason  of  carbonization  of  working  body  bars  surfaces  in  this  PPT  model  is  connected  to 
discharge  current  great  going  out  the  discharge  channel.  As  the  result  of  this  phenomenon  the 
density  of  radiation  from  plasma  on  bars  surfaces  isn’t  sufficient  not  only  for  the  Teflon  abla¬ 
tion  but  also  for  removal  the  thin  carbon  film,  which  is  precipitating  at  bars  surfaces  after  each 
PPT  firing. 

From  joint  analysis  of  data  in  Table  and  PPT  thrust  characteristics,  which  will  be  de¬ 
scribed  later,  it’s  clear  that  great  parameter  7  is  necessary,  but  not  sufficient  condition  for 
getting  the  best  impulse  bit  and  efficiency  values.  It  is  also  necessary  that  the  ratio  Lr  of 
plasma  current  inductance  Lp  and  initial  inductance  Lo  will  be  also  great. 

PPT  thrust  characteristics 

Average  thrust  of  PPT  was  defined  using  pendulum  thrustmeter  of  direct  working. 
When  PPT  is  working  under  frequency  (in  our  case  f=2  Hz)  the  platform  of  thrustmeter  has 
been  displacing  because  of  the  force  of  thrust.  The  value  of  the  displacement  was  fixed  by  the 
changing  of  the  gap  between  inductive  sensor  and  ferromagnetic  plate,  which  was  firmly 
mounted  on  platform.  The  signal  from  sensor  was  registered  on  millivoltmeter.  This  dis¬ 
placement  is  proportional  to  the  average  thrust  of  PPT. 

Absolute  value  of  PPT’s  thrust  was  determined  after  thrustmeter  calibration  by  means 
of  static  force  of  known  value.  The  impulse  bit  was  calculated  from  the  average  PPT  thrust 
under  frequency  working  divided  by  pulse  frequency. 

In  order  to  determine  the  mass  of  plasma  blob  in  one  PPT  pulse  the  weighing  of  Teflon 
bars  at  the  analytical  balance  before  and  after  the  series  of  several  thousand  pulses  was  carried 
out.  The  precision  of  the  weighing  was  0,1  mg  and  as  the  total  mass  loss  per  one  series  was 
about  200  mg  the  precision  of  bars  mass  loss  measurement  per  one  pulse  is  less  than  0,05%. 
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Now  let’s  examine  the  thrust  characteristics  of  described  PPTs.  The  dependencies  of 
thrust  characteristics  vs.  PPT  energy  and  discharge  channel  width  (distance  between  the  bars) 
were  determined  during  the  experiments.  In  Fig. 3  the  dependencies  of  PPT  characteristics  vs. 
ES  energy  is  presented.  The  capacitance  of  ES  in  that  case  was  103  pF  and  the  channel  width 
was  20  mm.  One  can  see  that  when  stored  energy  is  100  J  the  impulse  bit  is  equal  2,7  mN-s 
while  the  thrust  efficiency  has  the  value  16,2%. 

The  influence  of  discharge  channel  width  on  the  characteristics  of  the  same  PPT  model 
with  energy  80  J  is  shown  in  Fig.4.  The  dynamics  of  parameters  changing  depending  upon 
channel  width  remains  the  same  at  all  investigated  energy  values,  but,  naturally,  on  other  ab¬ 
solute  level. 

As  can  bee  seen  in  Fig.4  PPT  with  side  feeding  of  working  body  is  able  to  change  the 
plasma  blob  parameters  at  the  expense  of  channel  width  changing;  it’s  possible  to  increase 
impulse  bit  at  the  expense  of  insignificant  loss  of  efficiency  and  v.v.  Thus  when  the  width  of 
the  channel  is  changing  the  ratio  of  gas-dynamic  and  electromagnetic  forces  is  changing  too. 
And  this  ratio  has  influence  on  the  values  of  impulse  bit  and  efficiency. 

In  Fig.  5  the  characteristics  of  three  PPT  models  with  ES  capacitance  26  pp,  64  pF  and 
103  pF  are  shown.  For  all  of  the  models  the  initial  conditions  are  the  same:  stored  energy  is 
80  J  and  discharge  channel  width  is  20  mm.  The  data  for  PPT  with  ES  capacitance  200  pF  are 
also  shown  in  this  figure  although  PPT’s  initial  inductance  was  unsatisfactorily  high,  so  it’s 
not  possible  to  make  correct  comparison  of  its  characteristics  and  the  one  of  described  mod¬ 
els.  Because  of  high  initial  inductance  and  deep  fore-chamber  thrust  characteristics  of  this 
model  were  relatively  low. 

In  spite  of  this  from  Fig.  5  distinct  tendency  to  improvement  of  all  of  the  parameters  is 
visible  when  ES  capacitance  is  increasing;  impulse  bit,  average  plasma  velocity  and  efficiency 
are  increasing  and  the  mass  of  plasma  blob  is  decreasing. 

But  if  ES  capacitance  is  increasing  then  the  discharge  current  going  out  the  channel  is 
increased  too  and  in  order  to  eliminate  the  carbonization  of  Teflon  bars  surfaces  deep  fore¬ 
chamber  is  needed.  So  at  present  time  it’s  not  clear  at  which  ES  capacitance  PPT  characteris¬ 
tics  will  become  to  get  worse  at  the  expense  of  forechamber  depth  increasing,  as  it  was  in  the 
case  of  200  pF  PPT. 

Discharge  current  distribution  along  the  electrodes  investigation 

In  order  to  determine  the  dynamics  of  current  layer  in  the  case  of  ES  high  capacitance 
the  investigation  of  current  distribution  along  PPT  electrodes  by  means  of  Rogovski  belts 
mounted  into  the  cathode  was  made.  These  studies  were  conducted  for  PPT  model  with  ES 
capacitance  of  103  pF. 

For  the  Rogovski  belts  installation  eight  3  mm  holes  were  drilled  across  the  PPT  cath¬ 
ode.  Holes  disposition  scheme  and  final  view  of  Rogovski  belt  installation  into  the  cathode 
are  presented  in  Fig.6.  From  Fig.6  one  can  see  that  such  mounted  belt  is  registering  the  cur¬ 
rent,  which  is  collected  by  the  cathode  section  between  two  splits.  Axial  dimension  of  each 
section  is  6  mm.  The  split  between  the  sections  has  width  1  mm.  Specially  for  these  measure¬ 
ments  several  Rogovski  belts  having  the  diameter  2,5  mm  (small  diameter  of  torus)  were 
manufactured.  Because  of  the  decreased  diameter  the  sensitiveness  of  belts  was  85  kA/V. 

Simultaneously  few  belts  (from  one  to  three)  were  installed  into  the  cathode.  The  cur¬ 
rent  registration  was  carried  out  during  a  lot  of  PPT  firings  and  after  that  all  data  were  sub¬ 
jected  to  statistical  processing.  Typical  oscillogram  of  current  signal  from  one  of  the  cathode 
section  is  depicted  in  Fig.  7. 
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It  is  important  to  pay  attention  to  short  pulse  at  the  beginning  of  oscillogram.  This  pe¬ 
culiarity  is  presented  at  oscillograms  from  all  of  the  cathode  sections  (except  first  section 
where  it  is  merged  by  main  part  of  signal),  moreover  the  time  of  short  pulse  maximum  is 
longer  for  sections  which  lay  farther  from  back  insulator.  It  is  possible  to  estimate  the  velocity 
of  current  part,  which  cause  this  peculiarity  at  oscillograms,  by  the  distance  between  cathode 
sections  and  the  displacement  in  time  of  short  pulse  maximum.  This  velocity  is  equal  ap¬ 
proximately  to  40  km/s.  By  analogy  to  plasma  fore-blob,  which  always  is  presented  in  ablative 
PPT^,  this  part  of  plasma  current  can  be  called  fore-current.  Axial  dimension  of  fore-current  is 
about  10-15  mm. 

The  front  of  current  main  part,  which  is  depicted  in  Fig.7  in  the  form  of  big  “hump”,  has 
the  velocity  of  approximately  25  km/s,  but  the  velocity  of  “center  of  mass”  of  this  current  is 
about  10-13  km/s.  It  is  interesting  to  note  that  average  velocity  of  plasma  blob  for  this  regime 
of  PPT  firing  is  11  km/s.  The  dimension  of  main  current  layer  along  the  axis  of  plasma  ejec¬ 
tion  is  30-40  mm  (electrodes  length  is  70  mm). 

The  dynamics  in  time  of  current  layer  moving  along  PPT  electrodes  is  depicted  in  Fig.  8, 
where  the  histograms  of  current  distribution  at  various  moments  of  time  are  presented.  One 
can  see  that  fore-current  arrives  at  the  electrodes  cut  at  the  2-nd  microsecond  of  discharge 
duration  and  gives  rise  to  current  concentration  there.  At  the  4-th  microsecond  (the  duration 
of  discharge  current  half-period  is  7,2  ps)  this  current  concentration  captured  the  essential 
part  of  total  discharge  current.  When  total  current  in  PPT  aspires  to  zero  the  circular  current 
forms  in  plasma.  This  circular  current  flows  partially  through  the  electrodes  and  partially 
through  the  plasma  as  is  shown  by  dotted  line  in  Fig.  6:  at  the  moment  of  time  7,2  ps  when 
total  current  in  PPT  is  equal  to  zero  (see  discharge  current  oscillogram  in  Fig. 2)  the  current 
concentration  at  the  electrodes  cut  is  still  presented,  but  the  current  of  reverse  direction  al¬ 
ready  starts  along  back  insulator.  At  the  second  half-period  the  dynamics  of  current  is  practi¬ 
cally  the  same  but  without  the  fore-current  presence. 

Capacity  for  work  of  PPT  discharge  channel 

As  the  completion  of  studies  the  testing  of  capacity  for  work  of  PPT  was  conducted  at 
different  working  regimes  (stored  energy,  ES  capacitance  and  width  of  discharge  channel 
were  varied).  It  was  made  in  order  to  determine  the  limits  of  PPT  internal  parameters  in 
which  the  carbonization  of  Teflon  bars  surfaces  is  absent.  These  studies  showed  that  for  large 
capacitance  ES  the  critical  regime  (the  beginning  of  carbonization)  starts  at  higher  energy 
level  than  for  ES  with  lower  capacitance.  Apparently  it  is  connected  with  large  current  going 
out  the  discharge  channel  when  the  duration  of  discharge  increases. 

Concluding  remarks 

1.  The  investigations  which  were  conducted  confirms  the  correctitude  of  supposition  that 
PPT  thrust  characteristics  raises  if  ES  capacitance  increases. 

2.  The  rise  of  characteristics  in  that  case  is  connected  apparently  with  increasing  of  discharge 
duration  and  decrement  of  current  oscillations.  All  that  in  its  turn  have  the  result  on  better 
concordance  of  discharge  current  duration  and  dynamics  of  mass  going  out  the  Teflon 
bars. 

3.  The  increasing  of  PPT  ES  capacitance  has  also  negative  tendency,  which  is  connected  with 
increasing  of  current  going  out  the  discharge  channel,  and  thus  with  spatial  separation  of 
mass  generation  zone  (Teflon  bars)  and  acceleration  zone  (current  layer).  Besides  that 
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large  going  out  of  current  leads  to  aggravation  of  PPT  capacity  for  work  as  concerns  car¬ 
bonization  of  Teflon  bars  surfaces. 

4.  The  conclusion  can  be  made  from  two  previous  items  that  for  each  energy  level  of  PPT  the 
optimal  ES  capacitance  must  exist. 

5.  The  existence  of  so-called  fore-current  is  founded  experimentally  in  investigated  PPT 
models.  In  our  opinion  the  presence  of  fore-current  is  most  probably  negative  phenome¬ 
non,  because  this  part  of  current  layer  provoke  strong  current  concentration  far  from  the 
mass  source  (Teflon  bars). 
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Fig.8.  Current  distribution  along  the  cathode  at  various  moments  of  time. 


From  left  to  right  and  from  top  to  bottom:  0,2  -  0,8  -  1,4-  2,0  -  2,6  -  3,2  -  3,8  -  4,4  -  5,0  -  5,6  -  6,4  -  7 ,0  ps 


JIa6opaTopHoe  HccjieflosaHHe  HMnyjibCHoro  luiaaMCHHoro  AsaraTejia 

c  raaoBMM  KjianaHOM 

H.H.  AHTponoB,  r.A.  XlbaKOHOB,  O.H.  JlanaeB,  F.A.  DonoB 
HHH  npHKJiaflHOH  MexainiKH  h  aaeKxpoflHHaMHKH  MAH 


BBencHHe 

MasecTHbie  npeHMymecTBa  HMiiyjibCHbix  lurasMeHHbix  /i;BHraTejieH 
(HH/I,)  -  nocToaHHaa  roTOBHOcxb  k  pa6oxe  h  bobmoxchocxb  npeu,H3HOHHoro 
peryjiHpoBaHHa  xara  h  HMiiyjibca.  IloaxoMy  6oabmHHcxBo  ocymecxBJieHHWx 
B  Hacxoainee  Bpewa  HIIFI,  npeaHaaHaaeHW  jjjia  Hcnojib30BaHHH  b  cHcxeMax 
opMeHxai];HH  h  cxa6itJiH3aD:HH  KOCMnaecKHX  jiexaxejibHWX  annapaxoB  (KJIA). 
Bee  OHH  oxHocaxca  k  jipMraxejiaM  apoBHOHHoro  xnna  c  ajieKxpoMaxHHXHbiM 
HJiH  sjieKxpoxepMHaecKHM  MexaHH3MaMH  ycKopeHHa  rniasMbi.  Hllfl  Ha 
xch^kom  h  ra3oo6pa3HOM  pa6oHeM  xejie  He  bbiiujih  H3  exa^HH 
jiaGopaxopHbix  npoxoxHHOB. 

BMeexe  c  xeM.  b  HeKoxopbix  cjiyaaax  npe^noaxHxeabHee 
Hcnoab30BaHHe  b  KaaecxBe  pa6oaero  xejia  raaa.  OieBHB;HbiH  npHMep  -  HTI^ 
MajioH  xaxH  ^a  cHcxeMW  opHenxaHHH  KJIA,  HMeiomero  ocHOBHyio 
ZiBHxaxejibHyio  ycxaHOBKy  Ha  ra30o6pa3HOM  paSoaeM  xeae,  HanpHMep 

CO  cxauHOHapHWM  naasMeHHbiM  B:BHraxejieM  (CIIJI,).  B  axoM  cayaae 
Hcnojib30BaHHe  msi  yrjioBOH  cxa6HJiH3ai],HH  HecKOjibKHX  6aoKOB  (ne  Menee 
12)  MajIbIX  cn/l,  HJIH  3p03H0HHbIX  HII^Qt  KaaCBblH  CO  CBOHM  6aOKOM 
BbicoKOBoabXHbix  HaicoHHxeaeH  h  aanacoM  XBepfloro  paGoaero  xejia 
npejicxaBJiaexca  He  ayauiHM  pemeHHeM.  JlyaniHM  no  MaccoBbiM 
xapaKxepHcxHKaM  pemenHeM  Gbuio  6bi  Hcnoab30BaHHe  HHJX  MajioH 
MoniHocxH,  paGoxaiomHX  na  xom  xce  rasooGpaanoM  paGoaeM  xejie,  axo  h 
ocHOBHaa  HBHxaxejibHaa  j^exanoBKa,  h  sanHXbiBaeMMX,  no  bosmojkhocxh,  ox 
oflHoro  GjioKa  HaKoniixejieH  (BH)  oGbejiHHeHHoro  c  GaoKOM  HHxaHHa  h 

ynpaBaeHHa  (BFiy). 


1.  3aeKXpoMarHHXHbie  HMnyabCHbie  rasoBwe  KjianaHM  HHHnM3  MAH 

OxcyxcxBHe  peajibHbix  KOHcxpyKUHH  HIl^  Ha  raae  oGbacnaexca 
oxcyxcxBHeM  ao  Hacxoainero  BpeMeHH  oxpaGoxaHHbix  HMnyabCHbix  raaoBbix 
KJianaHOB,  yaoBJiexBopaioiii,HX  caeayiomHM  xpeM  xpeGoBaHHHM: 

-  ajiHxeabHocxb  raaoBoro  HMnyjibca  aoaacHa  cooxBexcxBOBaxb 
ZUiHxeabHocxH  HMnyjibca  xoKa  b  HHil,  (He  Goaee  100  mkc); 

-  3Hepro3axpaxbi  na  eannHuy  Maccbi  rasa  He  aoajKHW  npeBbiiuaxb 

10^ 

-  pecype  KianaHa  He  Menee  10^.  a  ayame  10^  HHKaoB. 

HasecxHbie  HMnyabCHbie  raaoBwe  KaanaHbi,  b  ochobhom,  ocHOBanbi 

Ha  Hcnoab30BaHHH  3aeKxpoMarHHXHoro  Han  3aeKxpoaHHaMHaecKoro 
MexaHH3MOB. 


H.  AHXponoB 


B  3JieKTpOMarHHTHMX  MexaHHSMaX  nOflBIiaCHMM  SJieMeHTOM  MBJIHeXCa 
HKOpL  H3  4J®PP<^MarHHTHoro  MaxepHajia.  3jieKTpoMarHHTbi  OTjiinaioTca 
BBICOKOii  34)4)eKTHBHOCTI.IO  H,  COOTBeTCTBeHHO,  OTHOCHXejILHO 
He6ojii>mHMH  pasp^iflHbiMH  TOKaMH,  no3xoMy  jiexKo  yflOBjiexBopaiox 
BXOpoMy  H  xpexbeMy  H3  nepeqHCjieHHbix  xp66oBaHHH,  HanpHMep  pecypc 
sjieKxpoMaxHHXHbix  4>opcyHOK  B;n3ejibHbix  aBHxaxejieH  B  HacxoHmee  BpeMH 
flocxHxaex  10^-10^  ixhkjiob.  OflHaKO  no  6bicTpo^(6HCXBHio  cymecxByiomHe 
3JieKxpoMarHHXHbie  Knananw  coBepnienno  ne  yaoBJiexBopaiox  xpe6oBaHHHM 
K  raaoBbiM  KjiananaM  Hllfl:  BpeMa  nojinoro  xoa,a  jiynmnx  h3  hhx 
cocxaBjiaex  5-10  mc.  3xo  o6bacHHexc5i  orpaHnnenneM  MaranxHoro 
;i;aBJTeHHH  na  OTHxymnncH  HKOpb  HacbimenneM  ^eppoMaranxHbix 
MaxepnajioB.  KpoMe  xoro,  H3  ycjioBHH  aaMbiKaniia  MaxHHXHoro  noxoKa 
cjieflyex,  hxo  c  pocxoM  pasMepoB  sjieKXpoMaxHHxa  Macca  ero  no^i,BHXcHbix 
Hacxen  Boapacxaex  nponopnnoHajibHO  Ky6y,  a  ycHJina  -  nponopiiHonajibHO 
KBaflpaxy  jiHHenHbix  paamepoB,  no3xoMy  3nBejiHHeHHe  MomnocxH 
3jieKxpoMarHHxa  ne  npHBO^jnx  k  pocxy  ero  ObicxpoflencxBHH.  ja^inxejibHocxb 
rasoBoro  HMnyjibca,  iipeBbimaiomaH  1000  mkc,  nenpneMJieMa  min  HIl^l,, 
xaK  KaK  npHBOOTX  k  cjihuikom  Sojibinnivi  noxepHM  Maccw  pa6onero  xejia. 

3jieKrpoB;nHaMHqecKHe  loiananbi,  ne  ncnojibsyfomne 
4)eppoMarHHXHbix  MaxepnajioB,  HanpoxHB,  jierKO  noBBOjiaiox  nojiynHXb 
xpeOyeMoe  Sbicxpo/ieHCXBHe  (nsBecxHbi  Kfiananbi  c  BpeMeneM  nojinoro  xoaa 
nopaznca  10  mkc),  ho  coBepmeHHo  He  yflOBJiexBopaiox  Tpe6oBaHnaM  no 
3Hepro3axpaxaM  na  eflHHHuy  Maccw  rasa  n  pecypcy.  3xo  oObacHaexca  xeM, 
nxo  Hx  34)4)eKXHBHOcxb  H3-3a  pafla  npHHnnnnajibHbix  ocoSeHHOcxen 
pacnpe;iiejieHHa  MarnnxHoro  noxoKa  ne  npeBwmaex  10  %.  B  peajibHbix 
KOHcxpyKUHHX  sjieKXpoflHHaMHHecKHX  rasoBbix  KjianaHOB,  b  tom  nncjie  n 
paapaOoxaHHbix  b  HHHnM3  MAM,  ne  yaaexca  nojiynHXb  SHeprosaxpaxw 
Ha  e/mHHuy  Maccw  rasa  MeHbine  10^  ^xc/kt.  3xo  coBepmenno 
HenpneMJieMO  juin  HUD,  c  pacxo^oM  paOonero  xejia  nopan;Ka  10  kt  sa 
HMnyjibc  H  OHepmen  paspazna  Menee  100  J1;k.  KpoMe  xoro.  HHSKaa 
s^x^eKTHBHocxb  npHBOflHX  K  OojibinHM  pa3pii;i,HbiM  xoKaM  B  i;enH  KJianaHa 
(nop5mKa  HecKojibKHX  kA)  h,  cootbcxctbchho,  xpeOyex  cjioxchoh  h 
Hei];ocxaxonHo  nanexcHon  bwcokobojibxhoh  n;enH  nuxaHHa  Knanana. 

B  HMHnM3  MAM  b  nponecce  pa6oxw  no  nporpaMMe  coaflanna 
KoaKCHajibHoro  (KBa3H)cTan:HOHapHoro  njiasMCHHoro  ycKopnxeaa  (CSPA) 
6bi-  an  paspaSoxaHW  h  xopomo  ce6a  sapeKOMenaoBajin  b  MHoroaexHen 
3KcnepiiMeHTajibHOH  paOoxe  saeKxpoMarHHXHwe  HMnyabCHbie  raaoBwe 
KJianaHW  ahckoboid  xnna.  Ohh  HMeKrr  cxewy  pacnpeaeaenna  MarnnxHoro 
noxoKa,  cymecxBeHHO  oxjinaaiomyioca  ox  KjiaccnaecKoro  oaeKxpoMarHHxa, 
noaBHXCHWH  aKopb  ^HCKOBoro  3aeKxpoMarHHTa  BbirioaneH  b  BH^e  xoHKoro 
(0,1 -0,5  mm)  h  aerKoro  (|)eppoMarHHXHoro  ^tncKa,  axo  nosBoanao  noayanxb 
BWCOKoe  OwcxpoaeHcxBHe,  cpaBHHMoe  c  OwcxpoaencxBneM 
oaeicxpoa^iHaMHaecKHX  MexaHHSMOB.  Bmcctc  c  xcm,  /mcKOBwe 
oaeKxpoMarHHXHwe  Kaananw  HMMnM3  MAM,  HMeiox,  KaK  n  Bce 
oaeKxpoMarHHTW,  aocxaxoHHO  BWcoKyio  s^xjjeKXHBHocxb,  nosxoMy 
3Hepro3axpaxw  na  eaHHnny  Maccw  rasa  He  npeswinaiox  10  J(ac/Kr. 


H.  AHxponoB 


Ha  pHc.l  npHBe/ieHbi  pacxo;i,Hbie  xapaKxepHCTHKH  jcjianana  npH 
nepenazie  ^aBJi6Hna  1  6ap.  PacxoB;  raaa  xoqHO  peryjiHpyexca  aaaopoM  h 
Mexcny  cejiiJioM  KJianaHa  h  Ahckobbim  HKopeM.  Ka^K^oMy  aasopy  h, 
cooxBexcxBeHHo,  pacxofly  cooxsexcxByex  CBoe  HanpqxceHHe  Ha 
KOHmeHcaxopHOM  HaKOHHxejie. 

Ha  phc.2  npHBeflCHa  BpeMeHHaq  xapaKxepHcxHKa  KJianaHa.  BpeMH  t 
npezicxaBjiKex  co6oh  BpeMH  hojihoxo  xoga  no^BiracHOH  aexajiH  loianaHa, 
H3MepeHHoe  KOHxaKXHbiM  flaxHHKOM.  H3-3a  ynpyroH  ;i;e4)opMaHHn 
peiHHOBoro  yiuioxHeHHH  BpeMB  raBOBoro  HMiiyjibca  MCHbiue  t  npHMepHO  Ha 
50  MKc  H  cocxaBJiaex  100-200  mkc.  TaKoe  BpeMH  raaoBoro  HMnyjibca  Moxcex 
6bixb  corjiacoBaHo  co  BpeMeneM  paapH^a  b  HH/l,,  hxo  flo  chx  nop  HBJWJiocb 
Henpeoz;ojiHMOH  npoOjieMOH. 

2.  PlMnyjibcHbiH  ruia3MeHHbm  /iBHraxejib  Ha  ra3oo6pa3HOM  paSoqeM  xejie 

OxHocHxejibHo  ftfiHHHbiH  paapHfl  npofloJiJKHxejibHocxbio  100-200  mkc 
jierxe  peajinaoBaxb  b  ajicKxpoxepMHqecKOM  ruiaaMCHHOM  /iBHxaxejie  c 
OojibniHM  OMHHecKHM  conpoxHBjieHHeM  paapaflHoro  npoMejKyxKa.  KpoMe 
xoro,  B  ^laHHOM  KOHKpexHOM  cjiyqae  ojieKxpoxepMHHecKaa  cxeMa  ycKopenn^ 
HMeex  eme  cymecxseHHbix  npeHMymecxB,  o  Koxopbix  6yxiex  CKasano 
HKDKe. 

BnemHHH  bh;i  jiaOopaxopHOH  MOflejiH  ojieKxpoxepMHHecKoro 
raaoBoro  HH^  npe;];cxaBJieH  Ha  pHC,3.  raaoBbiii  MH^  xpeOyex  ^yiHxejibHOH 
oKcnepHMeHxajibHOH  oxpaGoxKH,  b  npoHecce  Koxopoii  no^Giipaioxcq 
cooxBcxcxByioiHHe  npoxozi;Hbie  cenenna,  onpe^ejiHiomHe  raao^HHaiviHKy 
Kanajia,  noaxoMy  b  sxoh  moacjih  cxaBHjiacb  aa^ana  peajiHaoBaxb 
npeHMymecxBa  HMnyjibCHoro  raaoBoro  KJianaHa  b  npocxenuieH  cxeMe. 

B  flHajieKxpHHecKOM  Kopnyce  ^^BH^axeJIa  ycxanoBJicHbi:  rasoBbiH 
KJianaH,  KepaMHnecKHii  paapibXHbiH  Kanaji  c  sjieKXpoflaMH  h  Bbixoa;Hoe 
coruTO.  ^BHraxejib  HMeex  pesHHOBbie  yroioxHeHHH,  noaBOjiaiomHe  eMy 
paGoxaxb  KaK  b  BaKyyMe,  xaK  h  Ha  {J)jiaHU,e  BaK5AyMHOH  KaMepbi.  ^IJinna 
paapHflHoro  Kanajia  30  mm,  /i;HaMexp  5  mm.  /],HaMexp  conjia  Ha  Bbixo/i;e  10 
MM. 

E/iHHcxBeHHbiM  ynpaBjiqeMbiM  ajieMCHXOM  b  flBHxaxejie  BBJiqeXca 
raaoBbiH  KjianaH.  Ha  ajieKxpo^bi  flBHxaxejw  no^aexcH  HanpaxceHHe  ox 
KOHUCHcaxopHOH  GaxapeH,  npoGoii  paspa^Horo  npoMexcyxKa 
ocymecxBjiqexcq  b  cooxBexcxBHH  c  KpHBbiMH  riameHa.  OpH  axoM  npoGon 
floaaKen  npoHcxoflHXb  oGaaaxejibHO  b  MOMenx  /locxEDKeniM  nepeziHHM 
4>poHXOM  raaoBoro  HMnyjibca  BbIxo/^a  h3  Kanajia.  Tor^a  ztajubHeHiuee 
paaBHXHe  paapjma  Gy^ex  conpOBoag^axbca  nocxynjienneM  b  paapa^HbiH 
npoMexcyxoK  raaa  H3-nofl  KJianaHa,  h  BpeMena  raaoBoro  h  xokoboxo 
HMnyjibca  Gyayx  corjiacoBaHbi.  HpoGon  na  nepeaneM  ^JpoHxe  raaoBoro 
HMiiyjibca  oGecneHHBaexca  ajicKxpozioM  nojpmra,  na  KOXopbiH  no/iaexcH 
yBejTHHeHHoe  HanpaxceHHe  ox  aonojiHHxejibHoro  KOH^encaxopa  MajioH 
eMKOcxH.  npH  npaBHjibHOM  no^Gope  npoxo^Hbix  ceqeHHH  Kanajia  h  coiuia 
yAaexcH  ycxoHHHBo  nojiyqaxb  npoGoli  paapHj^Horo  npoMea<yxKa  nocjie 


H.  AHxponoB 


nojiHoro  sanojiHeHHa  KaHajia  h  npn  HanpaxeHHH  ~  400  B,  HesHaHHTejiLHo 
npeBocxoAameM  HeoGxo^HMoe  b  cooTBexcxBHH  c  kphboh  riaiueHa. 

TaroBaa  34)4)eKXHBHocxi>  flBHxaxejia  npH  ajieKxpoxepMunecKOM 
ycKopeHHH  onpeflejiHexca,  b  ochobhom,  noxepaMH  snepraH  Ha 
xeruionpoBOflHocxb,  HajiyneHMe  h  c  anxajibnHeH  BbixeKaiomeH  nx[a3Mbi  h,  b 
oxjiHHHc  ox  ajreKipoMaxHHXHoro  ycKopcHiM,  npaKxxiHecKH  He  aaBMCHX  ox 
HH^tyKXHBHOcxH  paspsmHoro  KOHxypa.  AxxHBHoe  conpoxHBJieHHe 
paapHAHoro  npoMea<yrKa  R  ~  0,1  -  1,0  Om  cymecxBeHHO  Gojibiue 
cyMMapHoro  conpoxHBjieHHfl  ocxajibHbix  ynacxKOB  hchh  Rq.  IIoaxoMy  npH 
COXpaHCHHH  yCJIOBHfl  R  >  Ro  B  aBIiraxejIbHOH  yCXanOBKC  C  HH3KOBO;ibXHbIM 
ajieKxpoxepMHHecKHM  HFIXl  ixejiecooOpasHo  npocxpaHcxBCHHO  paaflejiHXb 
6jiok  flBHxaxejifl  a  6jiok  HaKonHxejieii.  riocjieOTHH  moxcho  ycxanoBHXb  b 
repMooxcexe  KJIA  h  coejtHHHXb  c  OjioKaMH  ^HxaxejieH  KoaKcnajibHbiMH 
KaOejiaMH.  O^hh  BH,  o&beflHHeHHbiH  c  Bliy  h  cnocoOnwH  oOecnenHXb 
oflHOBpeMeHHyio  paSoxy  flByx  ^^BH^axeJIeH,  Moacex  oOcjryacHBaxb  Bce 
aBHxaxejiH  CHcxeMbi  opHCHxaHHH,  Hxo  flacx  cymecxBeHHyio  skohomhk) 
Maccbl  no  CpaBHeHHK)  C  H3BeCXHbIMH  Hnj],. 

SKcnepHMCHxajTbHaii  oxpaOoxxa  nBHxaxejia  ocymecxBjwjiacb  npH 
paGoxe  Ha  Bo^opofle  h  aaoxe.  B  nponecce  SKcnepHMenxa  H3Mep5iJiHCb 
pacxofl  ra3a  3a  HMnyjibc  h  pa3paAHbie  xokh  b  nenn  Rjianana,  nenw  nozixcHra 
H  HenH  ocHOBHoro  pa3pHfla.  XapaKxepHwe  ocnujuiorpaMMM  xoKa  b  neriH 
ocHOBHoro  pa3pa^i,a  npii  paSoxe  Ha  Bo^iopo^e  h  aaoxe  npHBefleHbi  Ha  pHC.4. 
Pa3pafl  anepHO^HwecKHH  c  c^/mecxBeHHbiM  npeBbimeHHeM  OMHMecKoro 
conpoxHBjieHPia  pa3pim:Horo  npoMeacyxKa  Haa,  bojihobwm  conpoxHBJieHneM 
KOHxypa. 

XapaKxepHcxHKH  aBHrajejia  npH  xeruioBOM  ycKopeHHH  luiasMbi  b 
coiLTie  JlaBajiH  npaKxmecKH  nojiHocxbio  onpe;;ejiaioxca  xeMnepaxypoH  h 
aaBJicHHejM  Ha  Bxone  b  cohjio.  Teivinepaxypy  njia3Mbi  b  pa3pHflHOM  Kanajie 
MoxcHo  flocxaxoHHo  xohho  onpeflejiHXb  no  ocnujuioipaMMe  pa3paflHoro 
xoKa. 

Ha  pHc.5  noKaBana  3aBHCHMocxb  pacnexHoro  xaroBoro  HMnyjibca  P 
ra30Boro  HHfl  npn  paSoxe  na  Boaopo^e  ox  anepran  paBpa^ta  W.  Pacnexbi 
npoBOflUJiHCb  no  aKcnepHMCHxajibHO  nojiyneHHMM  ocnmuiorpaMiviaM  jum 
pacxoflOB  0,04;  0,07  h  0,30  cm^  BOflopo;ia  3a  HMnyjibc.  OcHOBHbie 
norpeniHocxH  xaicoro  pacnexa,  noKaxannwe  na  kphbbix,  onpeflejinioxca 
norpemHocxbK)  onpeaejieHHH  xeMnepaxypbi  b  Kanajie  no  conpoxHBJiennK) 
paapaflHoro  npoMejKyxKa. 

Ha  pHc.6  npHBeneHbi  cooxBexcxByronxHe  aaBHCHMocxH  xhxoboh 
3(J)4>eKXHBHOcxH  flBHxaxejia  Tit  o'r  W.  npH  paOoxe  na  aaoxe  HMnyjibc 
yBejiHHHBaexcn  npHMepHO  na  nopaflOK,  a  xaroBaa  3(J)(J)eKXHBHOcxb  ocxaexca 
nonxH  xoH  xe.  C  pocxoM  anepran,  BJioxeHHon  b  paapafl,  HMnyjibc 
yBejiHHHBaexca  HeaHaniixejibHO,  a  3(J)4>eKXHBHOcxb  naflaex.  3xo  oBbacroiexca 
3HanHX6JibHbiM  pocxoM  noxepb  Ha  HOHH3anHio  njiai3Mbi  npH  yBejimieHHH 
xeMnepaxypbi  b  KaHajie.  HoaxoMy  npn  xapaKxepHwx  Aannoro  flBnraxejia 
pacxoiiax  raaa  anepma  paapana  noJixcHa  Haxoanxbca  b  npe^ejiax  10-20  /],»:. 
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SaKJiioqeHHe 


PesyjibTaTM  SKcnepHMeHxa  noflXBep/iHJiH  npHHpHnHajibHyio 
BOXMOmiOCXb  pa3pa6oTKH  flBHXaXejIbHOH  yCXaHOBKH  MajIOH  MOmHOCXH  c 
Hcnojib30BaHHeM  sjieKxpoxepMHHecKHX  HMnyjibCHbix  luiasMeHHWx 
^BHxaxejieH,  paGoxaromPix  Ha  ra3e.  HcnojibsoBaHHe  xaKOH 
Hejiecoo6pa3Ho  b  chcxcmb  opHeHxapHH  h  yrjioBOH  cxa6HJiH3aHHH  KJIA, 
HMcioiHero  ocHOBHyio  flBHraxejibHryxo  ycxaHOBKy  Ha  rasooSpaanoM  pa6o^eM 
xejie.  Bo3mo)kho  xaioxe  HcnojibsoBaHHe  xaiaKHX  paGoHHX  xeji  c 
HcnapHxejieM.  Coaflana  h  Hcnbixana  pa6oxocnoco6Ha5i  Mo^ejib  raaoBoro 
Hn/],,  npHFo/iHaa  /i;aJibHeHiueH  oxpa6oxKH  c  ipejibio  nojiyaeHna 

xpeGyeMbix  xapaKxepHcxHK. 
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Introduction 

Advantages  of  pulsed  plasma  thrusters  (PPT)  -  constant  readiness  for 
operation  and  capability  for  precise  thrust  and  impulse  control  -  are  well 
known.  That  is  why  the  most  part  of  modem  PPT  is  designed  for  the 
spacecraft  attitude  control  and  station-keeping  systems.  All  these  thrusters  are 
devices  of  erosion  type  with  electromagnetic  or  electrothermal  mechanism  of 
plasma  acceleration.  PPT  operation  with  liquid  or  gaseous  propellants  are  at 
the  stage  of  laboratory  prototype  development. 

But  in  some  cases,  it  is  more  advisable  to  use  gas  as  propellant.  One  of 
the  obvious  examples  is  c\  PPT  for  an  attitude  control  system  of  a  spacecraft 
the  main  propulsion  set  of  which  is  fed  by  gaseous  propellant  (comprising 
stationary  plasma  thruster  (SPT),  for  example).  In  this  case,  the  best  solution 
for  angular  stabilization  is  to  use  several  units  (no  less  than  12)  of  SPT  or 
erosion  PPT,  each  of  them  comprising  its  own  high  voltage  accumulator  and 
solid  propellant  storage  blocks.  Application  of  small  power  PPT,  using  the 
same  gaseous  propellant  as  the  main  propulsion  set  and  powered  hy  the  same 
accumulator  unit  combined  with  power  processing  unit  (PPU)  would  be  the 
best  solution  from  the  mass  characteristics  point  of  view. 

1.  Electromagnetic  pulsed  gas  valves  developed  by  RIAME  MAT 

Absence  of  operating  gas-fed  PPT  designs  is  explained  by  the  absence 
of  well  developed  gas  valves,  meeting  the  following  three  requirements: 

•  gas  impulse  duration  should  correspond  to  the  duration  of  current 
impulse  in  PPT  (up  to  100  ps); 

•  power  consumption  per  a  gas  mass  unit  should  not  exceed  10^  J/kg; 

•  valve  resource  should  not  be  less  than  10^  or  even  10^  cycles. 

The  known  pulsed  gas  valves  are  mainly  based  on  electromagnetic  or 
electrodynamic  mechanisms. 

Anchor  of  ferromagnetic  material  is  a  moving  element  in  the  case  of 
electromagnetic  mechanism.  Electromagnets  differ  by  high  efficiency  and, 
correspondingly,  by  relatively  small  discharge  currents,  so  they  meet  the 
second  and  the  third  of  the  above  presented  requirements  very  easily.  For 
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example,  the  resource  of  electromagnetic  injectors  of  diesel  motors  reaches 
10*^- 10^  cycles.  But  as  to  fast-action,  the  available  electromagnetic  valves  do 
not  meet  the  requirements  to  the  PPT  gas  valves:  action  period  of  the  best  of 
them  is  5-10  ms.  This  is  explained  by  the  limitation  of  magnetic  pressure  to 
the  moving  anchor  by  saturation  of  ferromagnetic  materials.  Besides,  it 
follows  from  the  magnetic  flow  closing  that  the  mass  of  electromagnet 
moving  parts  grows  in  proportion  to  the  third  power  and  force  -  to  the 
second  power  of  its  Unear  dimensions,  that  is  why  the  electromagnet  power 
increase  does  not  cause  growth  in  its  fast-action.  Gas  impulse  duration  of 
more  than  1000  ps  is  unacceptable  for  PPT,  because  it  causes  too  high 
propellant  mass  loss. 

In  the  contrary,  electrodynamic  valves,  in  which  ferromagnetic 
materials  are  not  used,  allow  to  obtain  the  required  fast-action  very  easily 
(valves  having  total  action  period  of  about  10  us  are  known),  but  they  do  not 
absolutely  meet  the  requirement  to  power  consumption  per  a  gas  mass  unit 
and  resource.  This  is  explained  by  the  fact  that  their  efficiency  does  not 
exceed  10%  because  of  a  number  of  principal  distinctions  of  the  magnetic 
flow  distribution.  In  the  case  of  'real  electrodynamic  gas  valves,  developed  in 
RIAME  MAI  including,  the  designers  do  not  manage  to  make  power 
consumption  per  a  gas  mass  unit  be  less  than  10^  J/kg.  This  is  absolutely 
unacceptable  for  PPT  with  the  propellant  consumption  of  about  10'^  kg  per 
pulse  and  discharge  energy  of  less  than  100  J.  Besides,  low  efficiency  leads  to 
high  discharge  currents  in  the  valve  circuit  (of  about  some  kA)  and, 
correspondingly,  requires  the  complicated  and  insufficiently  reliable  high- 
voltage  power  supply  circuit  for  the  valve. 

Electromagnetic  pulsed  gas  valves  of  disk  type  were  developed  in 
RIAME  MAI  during  the  work  under  the  program  of  coaxial  (quasi)stationary 
plasma  accelerator  (CSPA)  development.  Valves  of  this  type  were  successfully 
used  during  many  years  of  experimental  work.  The  magnetic  flow  distribution 
used  in  them  differs  substantially  from  the  classical  electromagnet.  Movable 
anchor  of  the  disk  electromagnet  is  made  in  the  form  of  a  thin  (0. 1-0.5  mm) 
and  light  ferromagnetic  disk.  This  allowed  to  have  high  fast-action 
comparable  with  the  fast-action  of  electrodynamic  mechanisms.  In  addition, 
disk  electromagnetic  valves  developed  by  RIAME  MAI  have,  as  all 
electromagnets,  high  enough  efficiency,  thus  power  consumption  per  a  gas 
mass  unit  does  not  exceed  10^  J/kg. 

Fig.l  shows  the  flow  rate  characteristics  for  the  valve  at  pressure 
difference  of  1  bar.  Gas  flow  rate  is  precisely  controlled  by  the  gap  h  between 
the  valve  seat  and  the  disk  anchor.  Definite  voltage  on  the  capacitive 
accumulator  corresponds  to  each  gap  and  flow  rate,  correspondingly. 

Fig.2  shows  the  time  characteristic  of  the  valve.  Time  period  t  is  the 
period  of  complete  action  of  the  valve  moving  part  measured  by  a  contact 
sensor.  Due  to  an  elastic  deformation  of  the  rubber  seal  the  duration  of  gas 
impulse  is  less  than  t  by  50  us  approximately  and  is  from  100  to  200  us.  Such 
gas  impulse  duration  may  be  matched  with  the  discharge  duration  in  PPT, 
that  being  an  insuperable  problem  until  now. 
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2.  Gas  propellant  pulsed  plasma  thruster 

It  is  more  easy  to  obtain  a  relatively  long  discharge  of  100-200  ps  in 
duration  in  electrothermal  plasma  thruster  with  high  ohmic  resistance  of  the 
discharge  gap.  Besides,  in  this  specific  case  the  electrothermal  acceleration 
mechanism  has  a  number  of  substantial  advantages,  which  will  be  described 
below. 

The  external  appearamce  of  electrothermal  gas  PPT  laboratory  model  is 
presented  in  Fig.  3.  Gas  PPT  requires  a  long  experimental  development, 
during  which  the  corresponding  passage  cross-sections,  defining  the  channel 
gasdynamics,  are  selected.  That  is  why  in  the  case  of  this  model  there  was  a 
task  to  realize  the  advantages  of  pulsed  gas  valve  in  the  simplest  design. 

The  following  devices  are  mounted  inside  the  dielectric  casing  of  the 
tliruster:  gas  valve,  ceramic  discharge  channel  with  electrodes  and  output 
nozzle.  The  thruster  has  rubber  seals  allowing  it  to  operate  both  under 
vacuum  conditions  and  being  connected  to  a  flange  of  vacuum  chamber. 
Discharge  channel  length  is  30  mm,  diameter  -  5  mm.  Outlet  diameter  of  the 
nozzle  is  10  mm. 

Gas  valve  is  the  only  controlled  element  in  the  thruster.  Voltage  from 
capacitive  battery  is  applied  to  the  thruster  electrodes  and  the  discharge  gap 
break-through  corresponds  to  Paschen  curves.  In  this  case  the  break-through 
should  take  place  only  at  the  moment  when  the  gas  impulse  front  reaches  the 
outlet  of  the  channel.  Then  at  further  discharge  development,  gas  from  under 
the  valve  will  flow  into  the  discharge  gap  and  duration  of  the  gas  and  current 
pulses  will  be  matched.  Break-through  at  the  gas  impulse  front  is  provided  by 
the  igniting  electrode,  to  which  the  increased  voltage  from  additional 
capacitor  of  small  capacitance  is  applied.  In  the  case  of  correct  selection  of 
passage  cross-sections  for  the  channel  and  nozzle  it  is  possible  to  have  a 
break-through  of  discharge  gap  after  complete  filling  of  the  channel  and  at 
the  voltage  of  about  400  V,  which  is  a  little  bit  more  than  the  voltage 
required  according  to  Paschen  curve. 

In  the  case  of  electrothermal  acceleration  the  thrust  efficiency  of  the 
thruster  is  mainly  defined  by  the  energy  loss  caused  by  the  heat  conductivity, 
radiation  and  enthalpy  of  the  outflowing  plasma,  and  in  contrast  to 
electromagnetic  acceleration  it  does  not  practically  depend  on  the  discharge 
circuit  inductance,  Active  resistance  of  the  discharge  gap,  R  ~  0.1  -  1.0  Ohm, 
is  substantially  higher  than  the  total  resistance  of  other  parts  of  the  circuit  Rq. 
That  is  why  in  the  propulsion  set  comprising  a  low-voltage  electrothermal 
PPT  it  is  advisable  to  divide  the  propulsion  unit  the  accumulator  unit 
spatially  at  keeping  the  condition  R  >  Rq.  Accumulator  unit  may  be  mounted 
inside  the  spacecraft  pressurized  section  and  connected  with  the  propulsion 
units  by  coaxial  cables.  One  accumulator  unit,  combined  with  payload  unit 
and  capable  to  provide  simultaneous  operation  of  two  thrusters,  may  be  used 
for  supplying  power  to  all  thrusters  of  attitude  control  system,  which  will 
result  in  substantial  mass  savings  comparing  to  the  known  PPT. 

Experimental  development  of  the  thruster  was  made  using  hydrogen 
and  nitrogen.  Gas  flow  rate  per  pulse  and  discharge  currents  in  the  valve 
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circuit,  ignition  circuit  and  the  main  discharge  circuit  were  measured  during 
the  test’  Characteristic  oscillograms  for  the  current  in  the  main  discharge 
circuit  for  the  cases  of  using  hydrogen  and  nitrogen  are  shown  in  Fig.  4.  The 
discharge  is  aperiodic  and  is  characterized  by  substantial  excess  of  the 
discharge  gap  ohmic  resishince  over  the  wave  resistance  of  the  circuit. 

Thruster  characteristics  in  the  case  of  thermal  plasma  acceleration  in 
Laval  nozzle  are  practically  completely  defined  by  the  temperature  and 
pressure  at  the  nozzle  input.  Plasma  temperature  in  the  discharge  channel 
may  be  exactly  enough  defined  using  the  discharge  current  oscillogram. 

Fig.  5  shows  the  gas  PPT  calculated  thrust  impulse,  P,  as  a  flinction  of 
discharge  energy,  W,  in  the  case  of  using  hydrogen  as  propellant. 
Calculations  were  made  using  the  oscillograms  obtained  experimentally  for 
the  flow  rates  of  0.04,  0.07  and  0.30  cm^  of  hydrogen  per  pulse.  Main  errors 
of  such  calculation  indicated  on  the  curves  are  defined  by  the  error  in 
defining  temperature  inside  the  channel  on  the  basis  of  the  discharge  gap 
resistance. 

Fig.6  shows  the  con'esponding  thrust  efficiency,  as  a  function  of  W. 
The  impulse  becomes  an  order  of  magnitude  higher  while  using  nitrogen  as 
propellant  at  thrust  efficiency  being  nearly  the  same.  Impulse  grows 
insubstantially  and  efficiency  decreases  with  the  growth  of  energy  supplied  to 
discharge.  This  is  explained  b\  substantial  increase  of  loses  for  plasma 
ionization  at  the  temperature  growth  in  the  channel.  Thus,  the  discharge 
energy  should  be  within  10-20  J  at  gas  flow  rates  being  characteristic  for  this 
thruster. 


Conclusion 


Test  results  confirmed  the  principal  possibility  to  develop  a  low  power 
propulsion  set  using  the  gas-fed  electrothermal  pulsed  plasma  thrusters.  It  is 
advisable  to  use  such  propulsion  set  as  a  part  of  attitude  control  and  angular 
stabilization  system  of  a  spacecraft,  equipped  by  a  main  propulsion  set  using 
gas  as  propellant.  Besides,  it  is  possible  to  use  liquid  propellants  with 
evaporators.  Efficient  model  of  gas  PPT  is  developed,  which  may  be  modified 
for  obtaining  the  required  characteristics. 


N.  Antropov 


BMDO-SBIR.  OTpa6oTOHHi.ie  HcnwTaHHK  MHoro4>yHiaiHOHajibHoro 

KJianana 

Afixop:  ^.T3HT  Ulannejib,  coaBTOp:  KoHCxaHTHH  /I,}iCHHry 
Mapoxxa  CaHeHXH4)HK  KoHxpojia,  Hhk. 

78  ByixroH  Abchk),  n/a  427 
MoHXBHJib,  Hbio-^»cepcH  07045-0427,  CUIA 
X6JI.  973-334-7800 
CoaBXOp:  Cx3H  rpHCHHK 
NASA  LeRC 
KjiHBJieHfl,  OraHO,  CUIA 

Mapoxxa  CaHeHXH4)HK  KoHXpojia,  Hhk.(MSCI)  npoflOji:>Kaex 
pa3pa6oxKy  MHoro4)yHKD;HOHajibHoro  KcenoHOBoro  KJianaHa  (MOK)  no 
nporpaMMe  MHHOBannoHHbix  HccjieflOBanHH  flJiH  Majioro  SnsHeca  (SBIR) 
opraHEoanHH  MHHoOopoHbi  no  OajTjiHCxnnecKHM  paKexaM  (BMDO)  c  nejibK) 
coBepmeHcxBOBannH  chcxcm  nofla^n  KcenonoBbix  flBiocexejieH. 

MSCI  npoBeji  ncciie^oBamw,  paapaOoxaji  n  HsroxoBHJi  o/^no- 
KacKaB^HbiH  KJianan  sjieKxpoHHOH  cncxeMH  nHxaHHa,  oOecnenHBafomnn. 
MHoro4)yHKU,HOHajibHyio  naojiBnino  nojioxcnxejibHoro  Kcenona,  Moziy- 
jiHpoBaHHoe  ynpaBjiGHHc  noxoKOM  MaccM  n  ApoccejinpoBaHne  nyxcM 
MHoroKpaxHoro  yMenbuiennH  noxoKa  Maccw/cHioceHHa  B^aBJiemw,  ncnojib- 
30BaHPie  nojiHocxbK)  jKHZKKOMexajuiHHecKOH  cManHBaeMOH  KoncxpyKHMH  n 
B03MO)KHOcxb  ynpaBJicHM  flBHxaxejieM  Xojuia  c  oOpaxHon  CBa3bK). 

npe^IcxaBjicHbi  pexyjTbxaxbi  ii  flanHbie  Hcnbixaunn,  coOpannwe  b  xoB,e 
3xana  2  nporpaMMbi  SBIR,  yflOBJiexBopBKJinne  npe^baBjiaeMbiM  xpeOoBa- 
HHaM  K  xapaKxepHcxHKaM.  MSCI  npejtcxaBHji  cjic^yioinHe  flannwe  h 
pe3yjibxaxbii  ohchb  BbicoKaa  repMexmiHocxb  cxwKa  Mexajui-Mexajui  b  xene- 
nne  3aaaHHoro  cpoKa,  aeMOHCipanna  (i)yHKnHOHHpoBaHHH  b  saflannoM 
B,Hana30He  flaBjreHHa  n  xeMnepaxyp  n  HcnwxaHHH  saMKiiyxon  nexjin 
oOpaxHOH  cBa3H  na  cxen^ax  HccjieflOBaxejibCKoro  I^enxpa  Jlbionca  HACA. 


Tom'  lUannejib 
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BMDO  SBIR  Multi-Function  Valve  Development  Testing 

Author:  D.  Tate  Schappell,  Co-Author:  Constantin  Geangu 
Marotta  Scientific  Controls,  Inc. 

78  Boonton  Avenue,  PO  Box  427 
Montville,  NJ  07045-0427,  USA 
tele:  973-334-7800 
Co-  Author:  Stan  Grisnik 
NASA  LeRC 
Cleveland,  Ohio,  USA 

Marotta  Scientific  Controls,  Inc.,  (MSCI)  continues  development  of  a 
Multi-Function  Xenon  Gas  Valve  (MFV)  under  the  Elallistic  Missile  Defense 
Organization  (BMDO)  Small  Business  Innovative  Research  (SBIR)  Program. 
The  SBIR  topic  requested  advancements  in  Xenon  Propulsions  Feed  Systems. 

MSCI  investigated,  designed  and  produced  a  single  stage,  electronic 
feed  system  valve  providing  the  multi-function  of  positive  Xenon  isolation, 
modulating  mass  flow  control,  and  throttleability  over  high  mass  flow  turn¬ 
down/  high  pressure  reduction,  using  all-metal  fluid  wetted  construction,  and 
with  the  capability  of  Hall  thruster  feedback  control. 

The  results  and  test  data  collected  during  Phase  2  of  the  SBIR  program 
is  presented.  The  presented  data  demonstrates  the  desired  performance. 
MSCI  provides  the  following  data  and  results:  extremely  tight  metal-to- metal 
leakage  data  over  anticipated  life,  demonstration  of  operation  over  the  pres¬ 
sure  and  temperature  range,  and  thruster  closed  loop  testing  at  NASA  LeRC. 


D.  T  Schappell 
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3jieKTpoMarHHTHafl[  CHCTeMa  yripaBJicHna  KocMinecKHM  annapaTOM 

CaHO^[H  A.  r.,  CeMKHH  nOMeJILHHKOB  P.A.,  3aHHH  A.H., 

Bo6hh  ^.r. 

CaMapcKHH  FAY 

443642,  r.CaMapa,  Mojio^^orBapfleiicKaM  yji.,151 

C  paBBHTHeM  Majiora6apHTHbix  cnyrHHKOB  BOSHHKaex  npoGjieMa  anep- 
reTHHecKoro  oGecneneHHB  4>yHKi];HOHHpoBaHHH  6optoboh  annapaxypbi.  B 
pa6oTe  paccMOTpena  CHCxeMa  opaeHTapHH  cnyxHHKa,  ocHOBaHHaH  Ha  B3a- 
HMOfleHCTBHH  MarHHTHoro  nojifl  3eMjiH  H  TOKOB,  oGxeKaiomHX  cneiiHajib- 
Hbie  KOHCTpyKHHOHHbie  ajieMeHTbi. 

Pa3pa6oTaHa:  MaxeMaTHHecKan  MOflejib  flHHaMHKH  KocMHHecKoro  an- 
napaxa,  ajieKxpoMaxHHXHaH  cHcxeMa  ynpaBjieHHH  kocmhhckhm  annapaxoM, 
6jioK-cxeMa  CHcxeMbi,  nporpaMMHoe  oSecneneHMe. 

^BiOfceHHe  cnyxHHKa  no  op6Hxe  onncbiBaexcn  ypaBHenneM  ajuinnca. 
/I,HHaMHKa  KocMHHecKoro  annapaxa  oxHocnxejibHo  penxpa  Macc  ocHOBana 
Ha  ypaBHeHHH  yiJioBoro  ^BiDKemiH  cnyxHHKa,  b  (JjopMe  3Hjiepa. 
CXByiomHH  MOMCHX  HaXOflHXCH  HCXOflH  H3  ypaBHeHH>[  AMHCpa  H  KOHCXpyK- 
xHBHbix  napaMexpoB  KocMHnecKoro  annapaxa.  MaranxHoe  nojie  3eMJiH 
onncaHO  anajinxErxecKHM  npeflcxaBjieHneM  Faycca.  B  CBiian  co  cjio^njocxbio 
nponeccoB  B3aHMo;i;eHCXBHii  MaxHHXHoro  nojiH  3eMJiH  n  cojinenHon  Saxapen 
co3flaHa  MHoroypoBHeBaH  (|)opMajiH3au;pm  nyxeM  nocxpoeHHH  Biepena  mobc- 
JI6H.  MaxeMaxnnecKaB  MOBejib  cojinenHOH  Baxapen  npeBcxaBBena  MOBeJiBMH 
coBHeHHoro  ajieMeHxa  n  cexH  coeBHHBiomHX  npoBOBHHKOB. 

3BeKxpoMarHHXHaa  cHcxeivia  ynpaBjieHUH  KocMnqecKHM  annapaxoM 
BKjnonaex:  BaxHHKn  MaxHHXHoro  nojw,  yxjioBoro  ycKopenna,  yrjioBon  cko- 
pocxH;  ajieKxpoMaxHHXHbie  HcnojiHHxeBbHbie  ycxpoHcxsa  (cojiHenHbie  6axa- 
pen  H  MaxHHXHbie  ncnojiHHxejibHbie  ycxponcxBa);  aHajioro-nHijjpoBOH  npe- 
o6pa30Baxejib;  MHKponpouieccopHyK)  cncxeiviy;  MexaHH3M  peryjiHpoBaHUB 
MaranxHbix  HcnojimnomHX  ycxpoHcxB,  a  xaioKe  napaMexpw  cojiHennon  6a- 
xapen. 

nporpaMMa  ynpaBJieHHH  ocHOBana  na  npHHHHne  onxHMajibHocxn 
BejuiMana  n  Bsyx  6a3  BanHbix.  B  nepBon  6a3e  BaHHwx  HaxoBHXca  Ha6op 
KOMaHB  BJiH  ynpaBJieHHH  xoKoox6opa  ox  cojiHenHwx  6axapeH,  bo  Bxopon 
HaxoBHxcB  Ha6op  KOMaHB  BJM  ynpaBJieHHB  BejiunnHon  xoKa  b  MaranxHbix 
ynpaBjnieMbix  sjieMenxax.  IlporiJaMMa  h3  Ha6opa  KOMaHB  6a3  BaHHbix  co3- 
Baex  nporpaMMy  BencxEUH  bbh  cxaSnjiHaauHH  cnyxHHKa.  B  saBHCHMocxH  ox 
BHeniHHX  napaMexpoB  h  noxpeSjieHHM  xoKa  Ha  6opxy  4)opMHpyexcB  (i)yHK- 
nna  pejiH,  hcxobb  h3  nee  BbiSnpaioxca  KOMaHBH.  CoBOKynHocxb  kombhb 
npeBcxaBBBioxca  b  bhbc  Bepesa.  B  cjiynae  HecnpoxHoanpoBaHHoro  peaKoro 
yBeBHHeHHB  ycKopeHHB  npoH3BOBHXca  Gbicxpoe  rameHHe  HMnyjibca  h  HOBaa 
reHepanna  KOMaHB. 

HncjieHHoe  MOBeBupoBanne  npoHaBeBCHO  b  cpeBe  naKexa 
Mftchematica  3.0.  Oxpa6oTKa  ajiropnxMUHecKoro  ypoBHa  npnOopa  nponaBe- 
BCH  c  noMombK)  naKexa  LabVlEV. 


ACaHoaH 


rioKaaaHo,  hto  npH  Macce  KocMuqecKoro  annapaxa  40  kt  h  ynpaa- 
jiaiomeM  TOKe  b  1  mO  cHcxeMa  pa6oxocnoco6Ha  npH  cjieflyiomHX  MaKCH- 
MajibHbix  Ha^ajibHbix  ycjioBUflx:  yroji  oxkjiohchhh  0,09  pafl.yrjioBa^  cko- 
pocxb  1,2210''*  pa^i-c'*  .  Ilepexo^^HOH  npoi];ecc  jmHXCii  (1,2-5)  •lO  '^c. 
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MarHHTHbie  cHCTeM&i  opneHTai^HH  Majibix 
cnyTHHKOB  H  nporpaMMHbie  cpe/^cTsa  fljia 
TeCTHpOBaHHH  HX  KaHCCTBa 

B.B.AjieKcaHflpoB  (★),  M.IO.Obhhhhhkob  (f), 

C.A.Mnpep  (f),  /l,.H.ByrpoB  (★),  C.C.JIeMaK  (■*■),  A.IO.HeBHflOMCKHH  (^tr) 

(■Ar)  MoCKOBCKHH  ^OCy;^apCTBeHH^.IH  yHHBepCHTeT  HM.  M.B.JIoMOHOCOSa, 

119899,  MocKBa,  BopoGteBbi  Fopbi,  FB  MFY 
4)aKc:  +(095)939-00-69,  E-mail;  valex@moids.math.msu.su 
(f)  HncTHTyT  npHKJiaflHOH  MaTeMaTHKH  HM.M.B.Keji/i,bima  PAH 
125047,  MocKBa,  MuyccKaa  nji.  4 
4)aKc:  +(095)972-07-37,  E-mail:  ovcinni@spp.keldysh.ru 

Pe<|)epaT 

/(jifl  opHeHTapHH  Majibix  cnyTHHKOB  mnpoKo  HcnojibayiOTCii  cncTeMbi,  HSMepn- 
TCJibHbie  H  HcnoJiHHTeJibHbre  opraubi  KOTopbix  BsauMOfleHCTByioT  c  reoMaranTHbiM 
nojteM.  TaKHe  CHCTeMbi  npn  hx  ecTecTBeHHbix  orpaHHuenHxx  no  touhocth  opnen- 
TaniHH  OT  oflHoro  ,a;o  necKOJibKHX  rpa^ycoB  odjia^aioT  HecoMHenubiMH  npemviyipe- 
cTBaMH,  HMeiom;HMH  oco6yio  npHBjreKaTejibHOCTb  ^jih  Majibix  cnyxHHKOB  —  BbicoKaa 
Ha^eXCHOCTb,  McUHblH  Bee,  npOCTOTa  B  aarOTOBJieHHH,  OTIIOCHTeJIbHO  HHBKaJI  CTOH- 
MOCTb. 

IIoMHMO  CHHTeaa  aJiropHTMOB  ynpaBJieHHfl  oxan  paapadoxKH  CHCxeMbi  opnen- 
Tr).TTiTu  BKJiiouaex  b  ce6x  xeexupoBanue  KauecxBa  ee  paSoxbi.  HcnojibBOBanHe  na- 
aeMHMX  cxenflOB  XBJi.aeTCfl  o^khm  h3  bobmoxchbix  nyxeii  pemenax  oxoii  npodjieMbi. 
Hapflfly  c  MexaHHuecKHMH  cxenflaMH  n;ejiecoo6pa3HO  ncnoxbsoBaxb  KOMUbioxepHbie 
cxeHflbi,  Hxo  BHauHxeJibHO  ynpomaex  npopecc  paapadoxKH  a  acnbixanax  cnyxHaKa. 
B  flOKJiafle  onacbiBaioxcfl  ajiropaxMbi  ynpaBJicnax  a  cacxeMa,  peaxasoBaHHcLH  b  sa^e 
nporpaMMHoro  KOMUJieKca,  KOMUbioxepHoro  Mo^ejiapoBaanfl,  BepachaKapaa  a 
opeHKH  KauecTBa  (|)yHKn,aoHHpoBaHHii  cacxeMbi  opaeaxapaH  MaJibix  cnyxaaKOB. 

Bae^peHMe 

/(jia  ynpaBJieHBB  yraoBbiM  /^BaxcenaeM  Majibix  cnyxaaKOB  b  Hacxoam;ee  BpeMa 
mapoKO  Hcnojibayioxca  cacxeMbi  opaeaxapaa,  asMepaxe-mabie  a  acnojiaaxejibHbie 
opraabi  Koxopbix  BaaaMOfleacxByiox  c  reoMaraaxabiM  nojieM.  /(.aanasoa  acnojib- 
aoBaaaa  reoMaraaxHoro  nojia  fijisi  peaea  opaeaxapaa  npocxapaexcx  ox  naccaBHbix 
cacxeM  flo  aKXHBHbix  a  KOMdaaapoBaHHbix  cacxeM.  B  naccaBHbix  cacxeMax  oho 
(|)opMHpyex  BoccTanaBJiHBaioipHH  momohx,  ecjia  cnyxHHK  opaeHxapyexca  no  bok- 
xopy  HanpaaceHHocTH  MarHHXHoro  nona  Bomuh.  /(eMndiHpyioipHH  momohx  Moacex 
(|)opMHpoBaTbcfl  MaxHHXHbiM  HOJiCM,  HOKajiyH,  fljix  6oJibmHHcxBa  xanoB  naccaBHbix 
cacxeM  B  4>opMe  rHCxepeaacHbix  cxepxcHea  h3  MarnaxoMarKoro  Maxepaajia,  no^Be- 
COB  c  peryjiapyeMbiM  cyxHM  xpenaeM  c  HcnoabSOBaHaeM  MarnaxHoro  racxepeBaca 
HJIH  BBSKHM  XpCHHCM  C  HCnOJIbBOBaHHeM  XOKOB  <l>yKO.  AKXaBHbie  MaXHHXHbie  CH- 
cxeMM  B  KaaecxBe  Hcno.n:HHxejibHbix  opranoB  acnojibsyiox  xoKOBbie  Kaxymaa  6e3 
cep^eHHHKOB,  HXO  noBBOJiaex  asdexeaxb  aHeppaoHHoexa  b  aaMeHenaa  ax  flanojib- 
Horo  MOMCHxa.  B  icoMSaHapoBaHHbix  cacxeMax  MaxHHXHbiM  ojieMCHxaM  oxBo/i,Hxca 
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aKTHBHcta  pojib,  HanpHMep,  MaxoBHK  c  nocTOBHHHM  KHueTHHecKHM  MOMCHTOM  yflep- 
acHBaex  o^ny  h3  ocefi  cnyxHHKa  b^ojib  HopMajiH  k  hjicckocth  opSHTbi,  a  noBopoT 
BOKpyr  3TOH  OCH  OCyipeCTBJI^aeTCa  TOKOBHMH  aKTHBHbIMH  TOKOBMMH  KaxyniKaMH. 

IloMHMO  CHHTeSa  aJiropHTMOB  ynpaBJICHHB  B  aKTHBHbIX  CHCTCMaX  HJIH  BbiSopa 
napaMexpoB  b  naccHBHbix  CHCxeMax  3Tan  pa3pa6oTKH  CHCTCMbi  opHCHTapHH  bkjiio- 
HaeT  B  ce6ii  TecTHpoBaniie  ee  KaxecTBa.  Hapa/^y  c  MexaiiH^ecKHMH  cxeHflaMH  pe- 
jiecoo6pa3HO  Hcnojib30BaTb  KOMBbioTepHbie  CTeHflbi.  3to  nosBOJiHT  anaHHTeJibHO 
ynpocTHTb  H  y/i,eineBHTb  npoii;ecc  paapaGoTKH  h  HcnbixaHHii  cnyxHHKa.  B  flo- 
KJiafle  onHCbiBaiOTCfl  ajiropHTMbi  ynpaBJicntw  h  CHCTCMa,  peaJiHaoBaHHas  b  BHfle 
nporpaMMHoro  KOMiuieKca,  fljiii  KOMnbioTepHoro  MOflejinpoBaHHa,  BepH(|)iiKaii;HH  h 
opeHKH  KanecTBa  4>yKn;HOHiipoBaHHa  CHCxeMbi  opHeHTapHH  Majibix  cnyxHHKOB.  Ch- 
CTCMa  nOBBOJIHCT  OpeHHTb  KaHeCTBO  naCCHBHbIX  CHCTCM  OpHCHTapHH,  HO  ee  OCHOB- 
Hoe  npe^HaBHaHCHHe  3aKjiioHaeTCJi  b  opeHKe  icaHecTBa  ajiropHTMOB  aKTHBHoro  ynpa- 
BJieHHJI  Ha  6a3e  CpaBHCHM  C  HCKOTOpblM  HfleaJIH3HpOBaHHbIM  ajirOpHTMOM.  3to  no- 
SBOJifleT  oitcHHTb  pesepB  TecTHpycMOH  cHCTCMbi.  CacTeMa  nosBOJiiieT  xaKxce  npo- 
BepiiTb  KanecTBO  Bbi6paHHbix  ajiropHTMOB  ynpas-ieHHii  h  opeHHTb  BJHWtiHe  oiuhSok 
B  onpe^ejieHHH  xeKyipero  (|):i30Boro  BexTopa  cnyTHHxa  BCJie;],CTBHe  norpemHocTeii 
flaxHHKOB  opHeHTaHHH,  oTKaaoB  B  KOHType  ynpaBJieHHH,  bjimhh^  bhcuihhx  ;i;HHa- 
MHHeCKHX  BOBMymeHHH. 

OnHCaHHe  CHCTeMM  TeCTHpOBaHHH 

<I>yHKu;HOHajibHafl  cxeMa  o^hoh  h3  BOBMoacHbix  KOH(|)HrypaHHii  cHCTeMbi  xecTH- 
poBaHHH,  KOPfla  B  KanecTBe  TecTHpyeMWX  BbicxynaioT  ajrropHTMbi  aKTHBHOH  Mar- 
HHTHOH  CTaCHJIHSapHH,  HpeflCTaBJIGHa  Ha  pHC.  1. 

TecTHpyeMbiH  SjtOK  1  npe^cxaBJiaeT  ajiropHTMbi  ynpaB^iCHHii  opHeHTapHeH  cnyx- 
HHKa,  KOTopbie  npeflJioaceHbi  paapaSoTHHicaMH  cnyxHHKa.  /],jib  cHcxeMbi  xecTHpoBa- 
HHH  3TH  ajiropHTMbi  HpCflCTaBJiaiOT  C060H  ’’HepHblH  HIUHk”  C  HBBeCTHbIMH  BXOflaMH 
H  BbixoflaMH,  Cana  CHCxeMa  TecTHpoBaHHn  cJiopMHpyeT  bhchihiok)  h  BiiyTpeHHioio 
cpe^y,  B  KOTopoH  4)yHKi];HOHHpyeT  TecTHpyeMbiii  6jiok.  0/i,hhm  h3  ochobhmx  6jio- 
KOB  CHCTeMbi  HBJIfleTCfl  6jIOK  2  -  6jIOK  MO/l,eJIHpOBaHHII  flHHaMHKH  oGneKTa.  B  3TOM 
6jioKe  npoHCXo/^HT  HHTerpnpoBaHHe  ypaBHeHHH  flBHXceHHS  penxpa  Macc  cnyTHHxa  h 
ypaBHeHHH  flBHXceHHfl  BOKpyr  peHTpa  Macc  nofl  /i,eHCTBHeM  ynpaBJUiiomHX  h  B03My- 
maiOIHHX  MOMCHTOB.  BoBMOXCHO  BKJHOHeHHC  B  MOflCJIb  rH6KHX  OXeMCHTOB  -  IHTaHrH, 
HcnojibByeMOH  ^Jisi  rpaBHTapHOHHOH  CTaSHJiHBapHH,  nanejieH'  coJineHHbix  SaTapefi 
H  np.  Akthbhoc  ynpasjieHHe  cnyxHHKOM  ocyiD;ecTBJiBeTc.a:  c  noMoipbio  MarHHTHbix 
KaTyineK.  YnpaBJiHioiiiiHe  cnrHajibi  /^jib  6jioKa  3  -  (JiopMHpoBaHHB  ynpaBJiBiomHX 
MarHHTHbix  MOMCHTOB  HepCflaiOTCB  H3  TCCTHpyCMOrO  SjIOKa  1,  KpOMe  BToro,  6jiok 
3  HcnoJibByeT  HH(J>opMai];Hio  o  HanpaacenHocTH  MarHHTHoro  hojib  Bcmbh,  Mo;i,ejib 
KOToporo  pea«iiH30BaHa  b  6jioKe  5.  3tot  6jiok  moxcct  hmctb  necKOJibKO  ypoBHen, 
pasjiHHaroipHXCB  no  cjiokhocth  oHHcaHHB  MarHHTHoro  hojib  Bcmjih,  Kor^a  b  bhbh- 
chmocth  ot  HCCJie/^yeMOH  Ba^aHE  HcnoJibBycTCH  paaJiHHHoe  hhcjio  hjichob  b  pa3Jio- 
xceHHH  HOTeHHHajia  MarHHTHoro  hojib.  BoBMymaioiHHH  MarHHTHbiH  momcht,  fleii- 
CTByiomHH  Ha  cnyTHHK,  4>opMHpyeTCB  b  6jioKe  6.  B  SjioKax  7  h  8  Mo^ejinpyioTCB 
rpaBHTapHOHHbie  cHJibi  h  momchth,  ;^eHCTByIOI^He  Ha  cnyTHHK.  /],jib  onHcaHHB  rpa- 
BHTaHHOHHbix  MOMCHTOB  HOJie  TBroTeHHB  CHHTaeTCfl  HCHTpajibHbiM.  Hto  KacacTCB 
CHJi  rpaBHTaHHH  6jioKa  7,  to  3j\ech  khk  h  b  cjiynae  6jioKa  5  npeflycMOTpcHO  hc- 
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HOMHManiH. 
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AHHaMHKa 

o6beKxa 


Phc.1.  <t>yHKiiHOHajibHafl  cxeMa  CHCxeMbi  xecTHpoBaHHJi. 


nojibsoBaHHe  Mo^ejieH  pasjiHHHoro  ypoBH^  cjroa<HocTH  fljisi  rpaBHTapHOHHoro  no- 
TCHiiHeua  3eMJiH.  Bjiok  9  npeflHaaHaneH  fljia  MOflejiHpoBaHHa  bjihhhhh  aTMoc<J)epBi 
Ha  flBHJKeHHe  cnyxHHKa.  CoBMecxHo  Sjiokh  5, 7, 8, 9  (|)opMHpyioT  BHeniHioio  cpe^y, 
KOTopa^  BJiHaeT  na  flEHiKeniie  ynpaBJiaeivtoro  oeteKTa. 

BnyTpeHHioio  cpe^y  <|)yHKi];HOHHpoBaHHfl  o6xjeKTa  cocxaBJiiiioT  HHCTpyMeHxajib- 
Hbie  norpeniHOCTH  H3MepHTe.JiBHbix  /laxHHKOB,  norpeniHOCXH  HcnojiHHTejibHbix  op- 
raHOB,  coScTBCHHBie  MariiHTHbie  momchtbi,  a  Taxase  naSop  HeHcnpaBHOCxeii  h  hc- 
uiTaTHLix  CHTyapHH,  B03HHKaK)iu;HX  B  Hpopecce  OKcnjiyaTapidH  cnyxHHKa.  Ilpeflno- 
jiaraeTca,  hto  xecxHpyeMaa  cHCXCMa  ynpaBJiciraa  Moacex  HcnojibSOBaTB  noKaaaHHa 
flByX  THHOB  flaXHHKOB  -  MarHHTHLIX  H  OHTHHeCKHX  (cOJIHeHHbIx).  /I,Jia  KOppeKTHOXO 
MO^eJIHpOBaHHH  pa6oTbI  HOCJieflHHX  HeoSxOflHMO  yHHTblBaXb  He  TOJIbKO  flBHXCeHHe 
cnyTHHKa  OTHOCHTCJIbHO  SeMJIH,  HO  H  flBHXCeHHe  3eMJIH  OTHOCHTCJIbHO  CoJIHpa.  Mo- 
flejiHpyeMbie  omH6KH  flaxHHKOB  hmoiot  caoxcHyio  CTpyxxypy  -  yHHTbiBaiOTCB  a^- 
flHTHBHbie,  MyjIBTHHJIHKaTHBHBie  H  CJiyHaHHblC  COCXaBJIXIOniHe.  CxaTHCTHHeCKOe 
OHHcaHHe  HHCTO  cJiyHaHHMX  cocxaBJiaioHiHx  omH6KH  H3MepeHHH,  a  Taxace  onnca- 
HHe  (J)yHXii;HOHaj[bHi>ix  MiiojxecTB  flJiH  HecjiyHaHHbix  xoMHoneHT  oniH6ox  HBMepeHHH 
HcnojibsyeTCH  b  flByx  cjiynajix.  B  nepBOM  cjiynae  flax  MOfleanpoBaHHX  pa6oTbi  ca- 
MHX  flaxHHKOB,  KOTopoe  HpoHBBOflHTcx  B  6aoxax  10  H  11,  H  HpH  pa6oTe  6aoxa  12 
CTpaxerHH  TecxHpoBaHHX,  b  npopecce  onpefleaeHHB  HaHxyflniHX  BOSMynieHHH.  B 
6aoxe  12  npOH3BOflHTCx  ynpaBaenne  paSoxoH  Bcex  nepeHiicaeHHbix  Bbiuie  MOflyaeii. 
B  npopecce  TecxHpoBaHHX  MOflyat  Moacex  MeHxxb  aHanenHe  aio6oro  napaMexpa, 
BJiHXKiniero  na  flBHaccHHe  cHcxeMH,  npepBaxb  pacnex  flBHXceHHx  cnyxHHxa  h  bhobb 
HanaTb  ero  c  hoblimh  hcxoahlimh  flaHHBiMH,  h  t.h.  BxoflHbiMH  napaMexpaMH  flax 
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3Toro  MOflyjiH  aBJi^iOTCfl  oniicaHM  mhoxcctb,  saflaioiqHX  /^onycTHMBie  neonpe/^e- 
JieHHOCTH  B  BaflaHHH  HOMHHcUIBHOH  OpSHTbl,  HeOnpeflCJICHHOCTH  B  SaflaHHH  Macco- 
BBix  H  reoMCTpHHecKHx  napaMeTpoB  cnyTHHKa  h  ero  bjicmchtob  -  uiTanrH,  cojihch- 
HBIX  SaTapefi  h  T.fl.  TaKace  3a;i;aioTca  onncaHHa  mhoxccctb,  aa^aioipHX  CTpyxTypy 
H  napaMeTpti  ^jih  KaacfloS  KOMnoHCHTBi  oiiih6ok  usMepeiiriH  HMCiomHxcji  /i,aTHHKOB. 
KpoMC  Toro,  Ha  Bxofl  SjioKa  no/^aeTC^  onHcanne  BapnapnH  aTMoccJjepBi,  rpaBHTa- 
pnOHHBIX  H  MarHHTHBIX  BOSMyipeHHH. 

Ecjiii  CECTCMa  TecTHpoBaHHX  pa6oTaeT  b  otkpbitom  pexcHMe,  to  anajinBiipy- 
K>TCH  TeKymae  oTKJtOHCHHa  ot  Tpe6yeM0H  fpaeKXopHH.  onpeflCJieHHB  KanecTBa 
CTaGHJIHSapHH  HaXO/^ETCfl  BKCTpeMaJIbHbie  XapaKXepHCTHKH  paBHOMCpHofi  yCTOHHH- 
BOCTH  c  oii;eHKOH  Ha  KOHCHHOM  HHTcpBaJie  BpcMCHH  [1].  Kbk  HOKaSaHO  B  [l],  3Ta  3a- 
flana  ABJiaeTCH  pacriiHpeHHeM  HBBecTHOH  aaflanH  B.B.  ByjiraKosa  o  MaKCHManbHOM 
OTKJIOHCHHH.  Bo  MHOTHX  CJiyHaflX  3TOT  aCC  HOflXOfl  MOXCHO  HpHMeHHTb  H  flJia  6eCKO- 
HCHHoro  HHTepBajia  BpeivieHH.  saMKHyToro  peacHMa  xecTHpoBaHHa  xapaKTepH- 
CTHKH  KanecTBa  cTaSaJHiaaipm  HaxoflHTca  h3  pemeiraa  flH4)(|>epeHi];HajibHOH  Hrpw 
npH  HaJIHHHH  flHCKpHMHIiapHH  OflHOrO  H3  HTpOKOB. 

IIocTaHOBKa  3a;^aHtH  TecTHpoBaHHE  tohhocth 

1.  OcHOBOH  cTpaTerHH  TecTHpoBaHHa  TOHHOCTH  KBJiaeTca  HocTaHOBKa,  peme- 
HHe  MaKCHMHHHbIX  3aflaH  H  HX  HCnOJIbBOBaHHC  flJia  npOBeflCHHa  TeCTHpOBaHHH.  /],Jia 
(|)opMHpoBaHHa  3a;];aHH  na  maximin  BBe/i,eM  cJie/^yiomHe  noHaTHa:  u  —  BCKTop 
ynpaBaaionpix  cHTHaaoB  aKTHBHOH  opHCHTapHH;  v  —  BCKTop  BOBMymeHHH,  oKa- 
3biBaionj;HX  HeraTHBHoe  BanaHHe  Ha  TOHHOCTb  opHeHTapHa.  Ciopa  caepyeT  otho- 
CTH  HaaajibHbie  oTKaoHenna,  HHCTpyMeHTaabHbie  norpeuiHocTk  h  paaaHMHoro  popa 
BoaMyrpaioinHe  MOMCHTbi —  aspopHHaMHHecKe,  MarHHTHbie  h  T.p. 

IlycTb  ifo{u^v)  — -  KpHTepHH  TOHHOCTH  opHCHTapEH.  06biHHO  ynpaBHaroipHe 
CHTHajibi  (JjopMHpyioTca  KBK  (JjyHKpHH  BpeMCHH  H  opeHOK  oTKaoHCHHH  y:  u  —  u(t,y). 
Hto  KacaeTca  BCKTopa  B03Myn]i;eHHH,  to  b  caynae  TecTHpoBanna  mohcho  npepnoao- 
aCHTb  IiaJIHHHe  SaBHCHMOCTH  BCKTOp-CpyHKpHH  V  OT  HCpeHHCaeHHblX  nepeMeHHblX, 
a  TaKHce  ot  caMHX  OTKaoHeHHH  h  SHaHenHH  ynpaBaenna:  v  —  v{t,  y,  u). 

TaKHM  o6pa30M,  HMeeM  aapany  pa  maximin  c  onpepeacHHOH  pHCKpHMHHapHeii 
paa  ynpaBaePHa 

min  (po('w,^^)  — >•  max  . 

u(t,y)  v(t,y,u) 

B  3TOM  caynae  b  cootbctctbhh  c  TCopeMOH  H.H.KpacoBCKoro[2]  cooTBCTTCTByio- 
m;aa  pH<|)4)epeHpHaabHaa  nrpa  hmcct  cepaosyio  TOHicy 

maxmm9?o('«) =  minmax(po('Wj  (1) 

V  U  U  V 

HaaHHHe  cepaoBoii  tohkh  no3BoaaeT  bbocth  nonaTHe  oTaHHHoro  peayabTaTa  (J)yHK- 
pHOHHpoBaHHa  aaropHTMOB  aKTHBHOH  opHeHTapHH.  CaMa  npopepypa  xecTHpoBa- 
HHa  B  3TOM  caynae  CBopHTca  k  nocaepoBaTeabHOMy  BbinoanenHio  pByx  maroB; 

1- ii  mar.  Bocae  npepcTaBaenHa  ciioco6a  opneHTapHH  h  paHHbix  o  pHnaMHKe 
cnyTHHKa  pemaeTca  pHHaMHHecKeia  nrpa  (1),  hto  nosBoaaeT  nanTH  cepaoByio  TOHKy 
(oTaHHHbiii  peayabTaT)  h  onTHMaabHyro  KOHTpcTpaTernio  v^{t,y,u). 

2- h  mar.  BpoHcxopHT  npopepypa  TecTHposaHHa:  na  6aoK  ’’aaropHTM  aKTHBHOH 
opHCHTapHH”  B  peaabHOM  BpeMeim  nopaeTca  nepBHHHaa  HH(j>opMapHH  c  paTHHKOB 


B.AaeKcaHppOB 


H  CHHMaioTca  CHrHcUiM  ynpaBJieHHH,  Bibipa6aTHBaeMbie  ajiropHTMOM.  3tii  CHrHajibi 
HcnojibayioTCfl  fljta  aKTHBiioii  opHenTapHH,  mto  nosBOJiaeT  noflCHHTaTb  peajibHbie 
BHaMeHHH  4>yHKi];HOHajia  (po('*^5 AanHoe  BHaneHne  cpaBHHBaeTCJi  c  otjihhhwm 
peayjibTaTOM  V  1. 

2.  PaccMOTpHM  npHMeHeHHe  iisjioaceHHoro  Bbiine  ajiropHTMa  na  npHMepe  Te- 
CTHpOBaHHJI  aJiropHTMOB  aKTHBHOH  MarHHTHOH  CTa6HJIH3ail,HH  CnyTHHKa. 

ypaBHCHHii  Majibix  KOjie6aHHH  OTHOCHTejibHO  peHTpa  Macc  B  npoeKpHH  Ha  och 
CBBBaHHoii  CHCTCMbl  MOaCHO  SaHHCaTb  B  BHfle 

Aai  +  uJo(C  +  B-  A)a3  +  Aoj^B  -  C)ai  =  +  AMf , 

Ba2  +  ( A  -C)a2  =  +  AM| ,  (2) 

C&3  +  u;o{B  -A-  C)ai  +  ul{B  -  A)a3  =  M“  +  +  AM|. 

3flecb  A,B,C  —  MOMCHTbi  HHeppHH,  a;o(^)  —  yrjtosaa  CKopocTb  flSHaceHHfl  peHTpa 

Macc,  a  =  (o;i,Q;2,«3)  —  BCKTop  Majioro  noBopoTa  CBaaaHHOH  cHCTCMbi  MX1X2X3 
OTHOCHTeJIbHO  Op6HTaJIbHOH  CHCTCMbl  Mj/i  2/22/3  • 

06o3HaHHM  S  =  —  MaTpnpy  noBopoTa  cTpoHTCJibHbix  oceH  MZ1Z2Z3  cnyT- 

HHKa  OTHOCHTeJIbHO  CBH3aHHOH  CHCTCMbl  Mx.  06o3HaHHM  U  =  (^1,^2,  M3)  —  HpO- 
eKpHH  aKTHBHoro  MOMeHTa,  co3flaBaeMoro  KaTyuiKaMH  c  tokom,  na  och  CHCTeMbi 

Mz. 

(/p,  /2 , 13)  npocKHHH  co6cTBeHHoro  MarHHTHoro  MOMeHTa,  BOSHHKaioiHero 
H3-3a  HaMarHHMeHHOcTH  cnyTHHKa. 

T  =  (ri,r2,T’3)  —  npocKpHH  BCKTopa  MarHHTHoii  HanpaaceHHOCTH  3eMJiH  na 
OCH  OpSlITaJIbHOH  CHCTCMbl  My. 

AMf ,  AM|,  AM|—  npoeKHHH  Ha  coScTBCHHbie  och  HCMOflejinpyeMbix  BosMy- 
iHaioin;HX  momchtob,  ^jih  KOTopbix  HMecTCH  tojibko  CTaxHCTHHecKoe  OHHcaHHe.  Ha- 
npHMep,  HX  MOHCHO  npeflCTaBHTb  B  BH^e  OTpeBKOB  pHfla  <I>ypbe  (^jih  npocTOTbi 
B3HTbi  TOJibKO  flsa  HJicHa  pa3,noaceHHH) 

AMf  =  dii  +  c?2i  cos  Loot  +  dsi  sina;o<  +  d4i  cos  2(jOot  + 

+  d5ism2uot  +  dei,  z  =  1,2,3.  (3) 

rfle  dii,d2i.,d3i,d4i,d\^  —  const,  a  doi  —  BbicoKonacTOTHaa:  cocTasjiHioipafl  THna 
6ejioro  my  mb. 

IIpoeKpHH  aKTHBHoro  MarHHTHoro  MOMCHTa  Ha  Co6cTBeHHbie  OCH  =  [E  —  5\Uz. 
npoeKHHH  ynpaBJiHioiHcro  MOMeiiTa  M“  —  u  x  T  aanHmeM  b  BH^e 

M“  =  1*2(23  —  T2S1)  +  mi(7252  +  T3S3)  —  U3{T2  +  T3S1)  4-  aiUjXiji{5) 

hi 

M2  =  V-3{Ti  —  T352)  +  U2{Ti5i  +  23^3)  —  Mi(T3  +  T1S2)  +  aiUjXij2(S) 

bJ  (4) 

M“  =  U2iT3  -T-  2Jx)  +  m{T2S2  +  T353)  -  U3{T2  +  T3S,)  + 

bi 

3/i;ecb  \ijk(S)  —  K03(JxJ)HHHeHTbi  npH  HejiHHCHHbix  cocTaBJiHioiHHX  aKTHBHoro  ynpa- 
BJiaioiHero  momchtb  (4).  AHajiorHHHbie  BbipaaceHHa  mohcho  sanncaTb  fljia  cocTasjiH- 
loiHHX  B03MyiHaK)iHero  MarHHTHoro  MOMCHTa. 


B.AjieKcaHflpoB 


B  CJiynae,  Korfla,  tohho  H3BecTHO  iioJiWKeiiHe  i];eHTpa  Macc  cnyTHHKa  M,  BeKxop 
HSMepeHHB  MoacHO  iipeflCTaBHTb  B  BHfle  z  =  —  T*,  rfie  T"  —  BCKTop,  cocTasjieH- 

HblH  H3  H3MepeHHI>IX  KOMHOHeHT  Hanpa>KeHHOCTH  nojia  B  TOBKe  M,  T*  - HH(|)OpMa- 

pHa  o  npoeKpnax  MarHHTHoro  noaa  3eMJiH  Ha  6opTy  cnyTHHKa.  Ecan  noaoHcenne 
□;eHTpa  Macc  hsbcctho,  to  T*  =  Ty.  C  tohhoctbk)  flo  MaJibix  BToporo  nopa^Ka 

=  \E  A][E  +  S'\[E  +  S][E  +  &\Ty  +  ^0  +  ^1  smuot  +  ^2  cosuiot  +  ^3  (5) 

r^e  |o  =  (^15 ^2)^3)  —  cHCTCMaTHHecKaa  norpeniHocTb  H3MepeHHH(  yxoflbi  nyaa 
flaTHHKOs). 

—4  —t 

—  aaBHcamne  ot  BpeMCHH  KOMnoneHTbi  CHCTeMa,THHecKOH  norpeniHocTH. 

^3  —  BbicoKonaoTOTHbie  KOMnoHeiiTbi  norpeniHOCTH,  npeflCTaBJieHHbie  6eabiM 
my  MOM. 

S' - BCKTOp  MaJIOrO  nOBOpOTa  OCeS  MySCTBHTeabHOCTH  flaTHHKOB  OTHOCHTeabHO 

npH6opHOH  CHCTeMbI  Mz. 

A  —  MaxpHpa  OTHocHTeabHbix  norpemHocTen  H3MepeHHH.  Ha  ^^HaronajiH  (An, 
A22)  A33)  —  omnSKH  MacmTa6oB  HSMepeiiKH  MarKHTOMexpoB.  Bhc  flHaroHaJiH 
—  K03(|)4)Hn,EeHTbi  nepeKpecTHOH  HyBCXBHxeabHocTH  MarHHXHoro  /^aTHHKa, 
oSycJiOBaeHHHe  HeopxoroHajibHocTbK)  pacnoaoxceHHa  ocen  H3MepeHHH  xpexKOMHo- 
HCHTHOrO  MarHHTHOro  flaXHHKa. 

B  npocKpHax  na  och  Mx  cooxHoracHHa  (5)  sannmyxca  b  BH^e 

Zk  —  AfetTi  +  (a  X  T)k  +  ^  SixfkiTy)  +  ^  aiX%{Ty)  +  ^  aiTj>ifji^{Aij,5,  S')  + 

i  i  i,j 

+  sin  ujot  +  cos  ujot  +  (6) 


/^o6aBHM  K  ypasHeHHaM  (2)  4)opMHpyK)n];He  ypaBHenna  flaa  onncaHHa  KOHCxaHX  b 
BupaaceHHax  flaa  B03Myni;aion];HX  momchtob  (3),  a  xaKHie  b  BCKTope  H3MepeHHH  (6) 


dii  =  0 

ii=o 

ki  =  0 


<j^2i  —  dj,i 
dsi  —  WqC?2j 
—  d^i 

d^i  ~  Aijjld^i 


=  ^ 

i  =  1,. . .  ,3, 


(7) 


Hpeflnoaaraa  ai,Sj  MaabiMH,  npeHe6peaceM  HeaHHefinbiMH  naenaMH  b  (4)  h  (6).  To- 
rfla  ypaBHeHHa  flBHaceHHa  ynpaBaaeMofi  CHCxcMbi  MoacHO  npeflcxasHTb  b  bh/^o 


rfle 


y  =  A{t,  v)y  +  B{t,  v)u  +  (7(i,  v)w  +  D{t)q 
y  -  A{t,v)y  +  B{t,v)u  + C{t,v)w  +  K{z  -  Hy), 
z  =  H{t,  v)y  -f-  H^{t)w  +  r 


y  (^'■l :  ^2  j  *^3?  5  ^2)  3!3,  0?2i>  )  ^5i) )  ^  3, 

U  =  {ux,U2,Uz),  V  =  {Si,S2,S3),  w  = 

Q  =  (<^61,  <^62  ><^63,^1,  ^2  5^3) 


(8) 
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y  —  oi];eHKa  y\  K{t)  —  MaxpHi^a  ycHJieHHii  b  aJiropuTMe  opeHHBaHHH.  BosMyipeHM 
q  VL  r  MOflejiHpyioTCii  bcktopebimh  6ejibiMH  myMaMH  c  H3BecTHHMH  MaTpimaMH 
HHTeHCHBHOCTH  M[qq'^\  =  Q(t),  M[rr^\  =  R{t). 

KpHTcpHH  KanecTBa  cTaSajinaai^HH  xecTHpoBaHHii  mo>kho  sanHcaTB  b  bh^c 

J  =  M[y{tif  FQy{U) [  {y'^NyFu^Rou)dt\,  (9) 

Jo 

r;^e  Fq,  N,  Rq  HeoTpHpaTejibHO  onpe;];ejieHHbie  cHMMeTpHHUbie  MaxpHu;!.!,  M  —  one- 

papHE  B3BXHH  MaXCMaXHEeCKOrO  0:«H,II,aHHiI. 

Ho  onpe;i,eJieHHio  oxjihxhhh  peayjrbxax  ecxt 


=  maxmin  (10) 

v,w  u 

B  CHuy  xeopeMbi  paaflejieHHa  aapaxa  iioHCKa  oxjiHXHoro  peayjibxaxa  (10)  xecxupo- 
BaHHB  flJiH  CHCxeMw  (8)  Moacex  6i>ixi>  c4)opMyjiHpoBaHa  b  BH/j,e 


Jq  =  max  J^{v,  w),  rflfi 

V^W 

fh 

J{v,w)  =  min  M[y{ti)'^  Foy{ti)  +  /  {y^Ny  +  Rou)dt] 
K,K  Jo 


(11) 


Bflecb  K,  K  —  MaxpHpbi  o6paxHbix  CBaaefi  b  aapaxax  onxHMajiBHOH  cxa6HJiH3apiiH 
H  opeHHBaHHE  [y  —  onxHMajibHaH  opeHKa  KooppHHax  y). 

TaKHM  oOpasoM,  aapaxa  noHCKa  oxjihxhofo  peayjibxaxa  h  HanxypniHx  B03My- 
ipeHHH  f ViP  CBopHXca  K  3KCTpeMajibHOH  aapaxe: 

fti 

jV,«;)=:Tr[£(0)Po+  /  {CQ  F  CBR^^ B'^ CP)dt]F 

Jo 

fh 

+  fx‘^{ti)Foyy{ti)  F  N fj.y  F  I< RqK'^ fJ‘y)dt maxy^V,  wew  (12) 

Jo 


fly  -  A{xi)yy  4-  B{v)K)pLy  F  Ciw{t) 

fly  =  (A(v)  F  B{v)K)lly  +  ClW{t)  F  K{Hfly  -  Hfly)  +  kC2W 

t  =  -C,A{y)  -  A^(y)£  -  iV  +  CB{v)RZ^ Rp [v)!:, 

P  =  A(w)P  +  PA^(t;)  FQ-  KRK'^, 

K  =  -R-^B'^C,  k  =  PH^R-\ 

C{t\)  =  Po,  P(0)  =  Po5  A*a:(0)  =  PO; 

xfle  Tr  —  onepaxop  bsaxhe  cjiepa  Ma3:'pHi];bi,  piy  =  M[y],  fiy  =  M[y],  Q  =  DQD^ . 

IlycTb  Jq  =  J{Pi  yP) —  ee  peinenHC.  Ha  sxopoM  mare  xecxHpoBaHHa,  npoMO- 
flejiHpoBaB  noKaaaHHH  ^axEUKOB,  nojiyxa^  na  Bbixo/i;e  SjioKa  ’’aJiropHTM  aKXHBHOH 
opHeHxapHn”  SHaneHHH  ynpaBJiaioipHx  B03;i;eHcxHBHH  u,  BbiHHCJifleM  xeKyipne  ox- 
KJiOHeHHB  KooppHHax  y(i).  IlocJie  cxaxncxHHecKofi  o6pa6oxKH  BejiHXHH  y{t)  nojiy- 
HHM  3HaxeHHe  (J)yHKu;HOHajia  KaxecxBa  Jq.  CpaBHHBcLS  c  oxjiHEHbiM  peayjibxaxoM 
Jq  5  nojiyEaeM  opeHKy  KaxecxBa  (|)yHKn,HOHHpoBaHH^  CHCxeMbi  opHenxapHH. 
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3.  PaccMOTpHM  6ojiee  noflpo6HO  pemenHe  3KCTpeMaJifi>HOH  3a;i;aHH  (12)  h  bbi- 
HHCJieHHe  opeHKH  KanecTBa  cTadnjiHsapHH  Ha  npHMepe  CTa6HJiH3aii;HH  Kanajia  TaH- 
raacHbix  KOJieSaHHH  cnyTHHKa. 

npocTOTbi  CHHTaeM,  HTo  HanpaaceHHOCTb  MarHHTHoro  hojih  3eMJiH  CKJiaflt.1- 
BaeTCH  H3  hojih  T,  3a/^aHHoro  npHMMM  flnnojieM  h  4)jiyKTyai];iioHHOH  cocTaBJiHiomeH 
AT.  IlycTb  cnyTHHK  flBHHceTCH  paBHOMepHo  no  npyroBOH  nojinpHofi  op6HTe.  06o- 
3HaHHM  Oyiy^y^  -  OCH  Op6HTaJII>HOH  CHCTCMbl  KOOpflHHaT. 

MarHHTHbiH  MOMCHT  M“,  co3;i;aBaeMbiH  paMKOH  c  tokom,  npe^cTaBHM  b  bh^o 
=  M°  *  w,  rfle  u  —  {1, 0,  -1}  -  ynpaBJieHHe. 

0603HaHHM  Ox  -  OCH  CHCTeMM  KOOp;],HHaT,  CBfl3aHHOH  C  TJiaBHblMH  OCHMH  HHCp- 
PHH  cnyTHHKa.  IIoBOpOT  CHCTeMH  Ox  OTHOCHTeJIBHO  OpSHTcUIbHOH  Oy  SaflaflHM 
yrjioM  a.  CncTeMa  Oz  CBHsana  c  npnSopHbiM  TpexpannHKOM  cnyTHHKa.  Ona  noBcp- 
HyTa  oTHOCHTCJibHO  Ox  Ha  yroji  5o  +  ^,  r;],e  -  pacneTHoe  BHaneHHe  yrjia  noBopoTa, 

a  ^  -  norpeniHocTb  peaJiH3aii;HH  npH6opH0H  cHCTCMbi. 

ypasHeHHe  TanraxiHbix  KOJieSaHHH  cnyTHHKa  moxcho  aanncaTb  b  BH;:^e 

Ba  +  -  C)a  =  M“  +  +  AM^ 

3flecb  A,  B,C  -  MOMCHTbi  HHeppHH  cnyTHHKa,  M^M^-  ynpaBJiaion^HH  h  BosMy- 
TpaioTnHH  MarHHTHbie  MOMCHTbi,  AM^-  B03Myn];aion;He  MOMCHTbi  cTopoHHHX  chji. 
IlycTb  ATy  =  (AijOjAa)  npoeKpHH  BosMynxeHHH  HanpaxcennocTH  MarHHTHoro 
noun  3eMJiH  Ha  och  Oy.  06o3HaHHM  =  (ni,0,n3)-  npoeKn,HH  MarHHTHoro  mo- 
MCHTa  Ha  och  CBHSaHHoii  CHCTOMbl  Ox,  BbI3BaHHOrO  COSCTBCHHOH  HaMarHHHeHHO- 
CTbK)  cnyTHHKa.  By^eM  CHHTab,  hto  na  cnyTHHKe  ycTaHOBnena  o^na  paMKa  c  to¬ 
kom,  MarHHTHbiH  MOMCHT  KOTopofi  opHCHTHpoBaH  HO  OCH  Z3.  Torfla  ynpaBJHnoiHHH 
MOMCHT  paBCH 

M“  =  O.bM^u  [2/ioAi  cos(ci;  -f  +  '^)  “  2jUo  A3  sin(Q:  +  <5o  +  <^)  + 

-t-  Bo(3  sin(Q  +  5o  +  <^  -  7-)  +  sm(Q;  -t-  5o  +  <^  +  r))] ,  (14) 

rfle  Bo  =  fioHofvQ,  Hq-  MarHHTHbiH  momoht  ^hhojih  3eMJiH,  yo  —  K03(|)(|)Hi];HeHT 

MarHHTHoii  npoHHpaeMOCTH,  tq  —  pa/!,Hyc  opSnTbi  cnyTHHKa. 

Bo3Myin;aK)in;HH  momcht  pasen 

-  BoM°[cr3(Ai  -f  q:(-A3  +  2 cost)  -  sinr)  -|- 

-f-  cri(— A3  +  2  cos  r  +  «(— Ai  +  sin  r))] 

C  TOHHOCTblO  flO  .HHHeHHblX  HJICHOB  nO  a  ypaBHCHH^  KOJie6aHHH  B  6e3pa3MepHOM 
BHfle  cjieflyiomHe; 

a  A  {b^  —  b^o<^\  ~  boocr-i^OL  =  w[6oo  +  ^10^]  +  <^1^31  +  <^3^41  + 

4-  +  Ai[u(67o'it  +  b’n{5  -f  a))  -f-  640(73]  + 

-|-  A3[h(67o«  +  671  (^  -4-  a))  4-  640(73],  (15) 

rfle  6e3pa3MepHbie  nepeMenHbie  t  =  uo*t,  Mq  =  ,  Aj  =  ^ 

,2  AMf  ,  .  , 

6  =  3 — — —  qi  =  -  -  -j  bio  —  1  630  —  —Mo  640  —  Mo 

B  Buj^ 

3  31 

600  =  -^0(2  -  ''■)  4-  sin(^o  4-  r))  620  =  Mo(- cos(So  -  r)  +  -  cos(So  4-  r)) 


B.AjieKcaHflpoB 


^50  =  Mo  sin  r  660  =  2Mo  cos  r  670  =  Mq  cos  Sq  bso  =  —  Mq  sin  <^o 
631  =  2Mo  cos  r  641  —  —Mo  sin r  674  =  —Mo  sin  631  =  Mo  cos  5o 

JXjih  MCKCHKaHCKoro  cnyTHHKa  ”Satex”  na  op6HTe  ro  =  700  km.  napaMeTpw  Mo  = 
1.519,  62  =  2.936,  M^  =  4  A-m^. 

06o3HanHM  V\  ==  S,  Wi  cri,  W2  =  crs,  Qs  =  o'! A3,  —  (TsAi,  gs  =  CKai, 

ge  =  o;<7-3,  g?  =  mAi,  gs  =  MA3,  g2  =  wa,  y  =  («,«),  v  =  Vi,  w  -  {wi,u)2), 
q  =  {qu  92, 93, 94, 95, 96,  qr,  qa)- 

C  TonnocTtio  /i,o  uaA.i,  u5Ai,aaiAi.,  ypaBHenne  (15)  moxcho  nepenncaTb  b 

y  =  A{t)y  H-  B{t,  v)u  +  C{t)w  +  D{t)q  (16) 


rfle 


0 

600  +  620'^ 


C  = 


M, 

\63i  bilj 


D  = 


/O  0  0  0  0  0  0  0 

\6io  620  630  640  650  boo  670  630 


By^^eM  HHTaTB,  hto  HeTonHocTt  peajrH3aE[HH  npHGopno'ro  .TpexrpaHHHKa  y  €  V 
npHHaflJieacHT  nsBecTHOMy  OTpeaxy,  a  KOMnoHCHTbi  seKTopa  w{t)  —  nponsBOJitHbie 
(J)yHKIi;HII  BpCMCHH,  H3BeCTHi.ie  C  TOnHOCTbK)  flO  MHOiKCCOrBa  w{t)  €  W.  Komho- 
HeHTH  BCKTopa  g  CHHTaeM  HeaaBHCHMHMH  6ejibiMH;  myMaMH  c  flucnepcHeaMH  Qi. 

Ha  nepBOM  3Tane  TecTHposaHHJi  aa^any  (12)  noHcxa  oTJiHHHoro  pesyjibTaTa 
6yfleM  peniaTb  MOTOflOM  nocjiefloBaTejibHbix  npH6jiH:)KeHHH.  /(jni  npocTOTbi  6y/i;eM 
CHHTaTb,  nxo  HaM  H3BecTHa  nojipraa  HHcJpopMapHfl  o  BOKTope  coctohhhb:  y.  Hpn 
3aflaHHbix  V  peniemie  BHyxpeHHeH  saflann  na  MHHHMyM  no  K{v)  naxo^HM  ns  ypaB- 
neHHH  PHKKaXH  (13  ). 

HaHxyflniHe  BoaMyipeHHpr  ly^(f)  nojiynaeM  ns  peuieHna  JinneiiHOH  aaflann  c  Ksa- 


flpaTHHHbiM  KpHTepncM  KanecTBa 


y.y  =  {A  +  BK{v))iiy  +  Cw{t) 


pti 

J^{v,w)  =  +  y'^(ti)Foiiy{ti)  +  /  Nyy  +  /J,y  K RqK'^ yy)dt  max^ew 

Jo  (17) 

rfle  ^ 

J°%v)  =  Tr[£(0)Fo  +  f  \cQ  +  CBRd^B'J/:P)dt], 

Jo 

nacTb  (J)yHKi];HOHajra  xanecTBa,  ne  sasnc^mafl  ot  w{t). 

Ha  pnc.  2  noKasana  saBHCHMOcTb  xpHTepna  KanecTsa  J°(w,iy°)  ot  v  npn  cjie- 

^yiOtpHX  HCXO/^HblX  /^aHHblX 


ii  =  i2,  g(i,i)  =  o.i,  g(2,2)  =  o.5,  80  =  0.7,  K(OKo.i, 


^2(^1  <  0.1, 


72o  =  1,  7^0  — 


Po  = 


? 
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HaHxyflinee  BOSMymeHHe  =  —0.7  cooTBeTCTsyeT  TaKOMy  pacnojioaceHHio  paMKH 
c  TOKOM,  HTo  ce  MarHHTHHH  MOMCHT  HanpaBJieH  no  ocH  X3.  KaK  cjie^yeT  h3  pnc.  2, 
pa3Men3;eHHe  paMKH  nepnenflHKyjnipHo  0:3  Bbiroflnee  c  tohkh  apeHHX  tohhocth  cTa- 
6HJiH3an;HH  TanraxcHBix  KOJieOaHHH. 

Ha  pHC,3  noKaaaH  bk/i,  nanxy^^mero  BoaMyipenna  w^{t)  fljix  onTHMajibHoro  n®  = 
—0.7  H  noBeflCHHe  MaTCMaTHnecKHX  oxcH^aHHH  yrjia  noBopoTa  cnyTHHKa  (Myi  h  ero 
yrJIOBOH  CKOpOCTH  fly2. 

Ha  BTopoM  3Tane  TecTHpoBanHH  6hjih  npoBeflenw  cTaTUCTHHecicHe  HcnbiTaHHH 
ajiropHTMa  cTa6H.JiH3an;HH  KOJieSaHnii  u’’  =  —sign [(600  +  ^12'^)^],  paccMaTpHsae- 
Moro  B  pa6oTe  [3].  Ha  pnc.  4  npeflCTaBJiena  saBHCHMOCTb  Bbi6opoHHoro  cpe^nero 
SHaneHHa  KpHTepiiB  KanecTsa  (9)  h  ero  TepMHHajrbHoii  nacTH  cooTBCTCTByioBgHX 
ynpaBJieHHio  ot  KOJinnecTsa  HcnbiTaHHH  k. 

/l,onojiHHTejii>HO  6biJiH  npoBeflCHH  n  HcnbiTanHS  aJiropHTMa  ynpaBJienHB  = 
K{v^)y,  nojiyneHHoro  na  nepBOM  oTane  npn  noncKe  oTJiiiHHoro  pesyjibTaTa. 


Ha  pHC.  5  npeflCTaB.HeHBi  aaBHCHMOCTH  ot  BpeMCHH  bjismchtob  MaTprai;  KOsapH- 
an;HH  BexTopa  coctohhiib  ripn  onTHMajitnoM  ynpaBJienHH  p^j  (cnjioniHwe  jihhhh)  h 
TecTHpyeMOM  ynpaBJienHH  p’^j  (npepbiBHCTbie  jihhhh). 

B  Ta6jiHpe  1  noKasanni  peayjibTaTbi  HcnbiTanHH:  Bbi6oponHi>ie  cpe^nne  mj,  bm- 
6oponHbie  flHcnepcHH  aj  h  cooTBeTCByroipHe  hm  /i,OBepHTejibHbie  HHTepBajibi  /^, 

(c  flOBepHTeJIbHOH  BepOHTHOCTblO  Pa  —  0.95  )  flJIH  OTJIHHHOrO  peSyjIbTaTa  Jq  KpH- 
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TepHa  (9),  cooTBeTCByioipero  ynpaBJieHHio  h  peayjibTaTa  cooTBCTCByiomero 
TecTHpyeMOMy  ynpciBJieHHio  u’'. 


J 

mj 

crj 

Im  (0.05) 

h  (0.05) 

19.8 

1.037 

19.63-20.01 

0.92-1.188 

J^r 

29.84 

2.05 

29.47-30.21 

1.82-2.348 

4 

0.357 

0^ 

0.340-0.374 

0.85-1.102 

4 

3.27 

0.96 

3.09-3.44 

0.85-1.102 

IIocjieflHHe  flBe  cxpoHKH  Ta6jmi];Bi  —  aHajiorHHHBie  SHanenHa  flJiK  TepMHHajttHoii 

^acTH  4)yHKi];HOHajia  (9). 

AsTopbi  BbipaacaioT  6jiaroflapHocTb  PoccHHCKOMy  (|>oHfly  4)yHflaMeHTajibHbix 
HCJie^^oBaHHH  3a  ^JunaHcoByio  no/i,flepacKy  pa6oTbi  (rpaHTbi  #  97-01-00910,  #  98- 
01-00355). 
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For  orientation  of  small  satellites  there  are  many  orientation  systems  used  today  whose 
sensors  or  executive  systems  use  geomagnetic  field.  Providing  orientation  precision  from 
one  to  few  degrees,  such  systems  have  apparent  advantages  that  make  them  especially 
attractive  for  small  satellites:  low  cost,  high  reliability,  low  weight,  and  simplicity  in 
manufacturing. 

Beside  synthesis  of  control  algorithms,  the  stage  of  system  development  includes  also 
quality  testing  -  using  stands  is  one  of  possible  ways.  Along  with  mechanical  stands  it  is 
practical  to  use  computer  ones  to  simplify  and  cheapen  the  development  process 
considerably.  In  the  paper  we  describe  control  algorithms  and  testing  system, 
implemented  as  software  package,  for  computer  modeling,  verification,  and  operating 
quality  testing  of  orientation  system  of  small  satellites.  The  package  allows  to  prove  the 
quality  of  chosen  control  algorithms  and  to  gauge  the  effect  of  errors  in  satellite's  phase 
vector  estimation  because  of  external  perturbations  and  errors  in  orientation  sensors  and 
in  control  circuit. 


Manoi'a6apHTiii>ie  ]iii^opMaip[OHHi>ie  cMCTCMbi 
iia  oeHose 

TBep;iOTejii>Hi>ii:  BOJioKOHHO-onTmecKiix  rapocKonoB 

A.IIecTyHOB.C.CHffopoB 

IlHHHMam 

I4l070^r.  Koponea,  MocacoBCKaa  o6iracTb^ 
yji.  nHOHCpcKaH,4 
OaKc:  (095)  513  4959 

B  craTbe  npHBonBxca  pesyubTaTU  pa3pa6oTKH,  HsroioBJieHHa  h  Hcnui'aHHH  6a- 
30B0H  MHMHaxiopHofi  SecHicaT^iopMeHHoS  HHepi^HanbHoli  ciicreMbi  MBHHC-98  h  ^aer- 

CB  anaJIHS  BOSMOBCHOtTFH  C<>3;2;aHim  ME  OCHOBe  HOBOrO  CeMeHCTBE  HHepUHEJlbHUX 

npH6opOB  H  HH4l>OpMaitHOHHUX  CHCieM,  nO3B0JlBI01I](HX  CyU^eCTBeHHO  H3MeHHTI.  no;oip£o- 
fflu  K  KOHCTpyHpoBaHHK)  KocMHEecKMx  aonapaTOB  H,  B  nepsyio  o^epe^,  Majiora6apHT- 
HblX. 

^aMHuc  npaGopu  Hiaxoaaica  b  pa^y  coBpcHeHHbix  paspaGoxoK  xana  LN-200, 
Honeywell  1305,  SystronDonnerM-IMU.  > 

OcHOBOH  HOBOrO  nOKOJICHHH  HH^BHailbHblX  npH6opOB  EBJIHIOXCH  BOJIOKOHHO- 
oDXHBecKHe  rHpocKoiiu(BOr),  Koxopbie  aBxopaMH  paccMiaxpHBaEoxca  xaK  npaGopu 
6ynymcro  inapoKoro  npHMCHeHHH,  cnoco6Hbie  peiuHXb  b  6jni»caHmeB  n^cneKXHBe 
ocHOBHbie  aaniaBH  HHepaaajibHoiK  opHeHxaqaa,  HaBarapHH  a  HaBe;qeHHa  jsflsi  6ojib- 
iHHHcxBa  jiexaxenbHbix  annapaxoB  (  kek  axo  6bHio  b  cboc  speMH,  HanpHMep,  c  nasepHbi- 
MH  rapocKionaMH). 

3iox  BbiBo^i:  ocHOBUBaexca  he  aHiaaaxejibHUX  ycnexax,  AOCTHXHyxux  b  cos^aHUH 
BOr  B  6ojibmoM  nHcne  parjBHxux  cxpan  MHpa,  xaKHx  kbk  CIHA,  PepMaHHa,  iLnoHHB, 
PoccHH,  Khxeh  h  ^jp.  Bonee  xoro,  b  naGopaxopHbix  ycjioBHMX  AocxarHyi  ypoBCHb  xoa- 
HocxH,  xapaKxepHuM  bucokoxobhux  HHepujManbHbix  chcxcm.^ 

OflHaKO,  B  HacixOHUQiee  BpeMa  HaaGonee  acnojibsoBaxb  BOF  npa 

cosA^HHH  MajioraGapHXMbix  6ecnjiax(}>opMeHHUx  MHepiiHajibHbix  chcxcm,  Gjiaro^apa 
npHcymcwty  xojibko  axoMy  rapocacoiiy  CBoficxBy  aASinxaqHH  k  xpcGyeMoa  rcoMexpaa 
BBH^  npaKXHaecKOH  aesaBHCHMocxH  xobhocxhux  napaMexpoB  rapocKona  ox  4>opMbi 
cro  ayBCXBHXcaibHoro  ancMcaxa  -  onxoBonoKOHHoa  KaxyuiKH  (hcxoah  xojibKO  h3  xex- 
HonoraaecKoro  y;^o6^5XBa,  kok  iipaBHJio,  Kaxymioa  BbinojiHHexcH  b  BH;a[e  Kpyra). 

npMMCHHicjibHO  K  HcnojibsoBaHHK)  BHHC  Ha  KocMHHccKHx  aHHapaxax  (KA) 
cyntecxseHHoe  SHaacHHe  Hueex  ypoBeub  3Hepronoxpe6jieiiHH  h  ero  aaBHCHMOcxb  ox 
pexcHMOB  nojicxa.  B  aioM  nnaHC  BOF  xaicace  HMcex  npcHMymecxBa  nqpc^  ;apyrHMH  xh- 
naHH  XHpocKonoB,  xaK  Kax  anepronoxpeGjieHHe  he  HSMepaxeaibHyio  ocb,  kek  npa- 
BHJio,  He  npeBbimaex  1-1-2  Bx  h  npaKXHaecKH  He  aasHCHX  ox  peacHMOB  paGoxbi. 

IlojQja^AencHHeM  3200  “Beci[uiax4>opMeHHUc  HHcpuHajzbHbie  HaBHraqHOHHbie 
cHcxeMbi”  r(HMHManiHHocxpoeHHa,  HaaHHaa  c  1993r.  6biJia  aaaaxa  nporpaMua 
BHHC-2000,  ocHOBHbie  axaiibi  KoxopoH  noKasaHbi  HapHcl. 

riepBUH  n:eMOHCxpaqHOHHO-  oqeHOHHUH  axan  yq;ajiocb  npoHXH  q;ocxaxo<iHO  6bi- 
cxpo  6jiarojtapa  yace  HMCBomcMycH  k  axoiiy  BpeMCHH  Hayvmo-  lexHHHCCKOMy  saacny, 
HXO  nOSBOJIMJlO  B  KOpOXKHC  CpOKH  HSrOXOBHXb  ,qeMOHCXpaqHOHHO-  0XJia;3(0<IHUH  Maicex 
BHHC-/(0-2,  KOiopbiH  ,  c  OAHOH  cxopoHbi,  noaxBepaHJi  BOXMoacHOcxb  cosmaHHa  Mano- 
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1994r,  1995r.  1996r  1997r.  1998r. 
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Pkc.I  riporpawMa  BHHC-2000 


ra6apHTHoM  BHHC  (Macca  ~  I  kf,  3HepronoTpe6jieHHe  <  15  Bx),  a  c  flpyroa  busbhji 
ocHOBHwe  npo6iieMbii,  Koxopuie  hcoBxoahmo  6ujio  pemaxib  b  qacxH  noBumeHaa  xoa- 
HOCTH,  BpeMCHH  rOIOBHOCXH  H  CHIDiCeHIia  aHCpronOTpeCnCHHa.  HeoBxoaHMO  OTMeXHTB, 
qxo  3XOX  npH6op  ycneiUHO'  <|>yHKi<HOHMpyeT  a  no  ceroffnarnnH^  ACHh,  aoKasHBaa  xopo- 
myK)  naflcacHocxi.  Hcnojii,3yeMwx  hobux  xexHOJioxHH. 

Ha  BiopoM  sxane  pemajincb  yace  HenocpeACXBeuHo  HHacenepHo-  nponaBOff- 
cxBeHHbie  Bonpocfai  cosAanna  Gaaosoro  o6pa3iia  BHHC,  xexHHqecKHe  xapaicicpiiciHKH 
KoiopOH  yAOBneiBOpHiiH  6u,  b  qaciHOCXH,  noxpeBnociH  napoacAaioineroca  pumca 
MajioraSapnxHux  KOCMHnecacHX  annapaxoB. 

CipyKiypnaa  cxewa  MBHHC  -98  npHseAeua  na  pHc.2 

npnBop  cocioHX  H3  xpcx  BOr  h  ipex  MaaxnnKOBHx  KBapneBWX  aKccnepoMeipoB 
(MKA).  C  i^eniiio  yAenieBnenHa  paipaBoxKH  b  qacxn  BOF  BuSpanu  lexHanecKHc  pe- 
meHHa,  HcaaiK>qaK)m,iie  npHMeHCHHC  AoporocioamHX  KOMnjiCKxyiomHX,  xaKHX,  HanpH- 
Mcp,  KaK  HHxerpajitHO  -  onxnnecKHe  Mo^ynaxop,  nojiapHaaxop  n  ap-^ 

K  xcxHHqccKHM  ocoBcHHociaM  nocipocHHa  npHMCHacMiiix  BOr  oxHocaixca: 

-pasoMKHyxaa  cxeHa  riipocKona  (  Gea  oGpaxHofi  cBasn); 

-uenbHOBonoKOHnaa  cxeMa  nocrpoenna  c  GescBapHon  xexHOJiornefi  nsroxoBAe- 
HHa  onxHnecKOH  qacxn  BOF ; 

-pesonaHCHMH  peacHM  paGoxia  in,c30KepaMHqccKoro  4)a30Boro  Monynaiopa. 

Xoia  pasoMKHyiaa  cxeMa  BOF  ycoioacnaex  AocxHacenHe  Gonbuioro  Ananasona 
H3MepeHHH  yrjioBOH  CKopoci'H  npH  OAHOBpeMeHHOM  oGecncqcHHH  bwcokoh  cxaGmib- 
HocxH  MacnixaGnoro  K03<j>4>H4KeHia,  HcnuxanHa  noKaabiBaiox,  nxo  Bnonne  peaJiiwyeM 
AnanasoH  HSMCpcHHa  20-3-200%  npH  norpcinnocxH  MacnixaGnoro  K034»<i)imHCHxa  na 
ypoBHe  0,01-f0,l%,  nio,  iio-BHAHMOMy,  Aociaionno  Ana  npaMeneHna  Aannoa  cxcmm 
BOF  na  GojibrnnHCxse  KA. 

Hxo  Kacaexcji  aKcenepoMeipoa,  xo  a  MBHHC-98  npaMeneHU  umpoKO  acnonb- 
3ycMuc  na  npaKXHKC  I^FECA,  himcbouihc  BUCOKyio  cxaGnAbHocxb  no  nyACBOMy  cnmany  n 
MacmxaGnoMy  K034>4>HU[HeHxy  n  xeM  cawMM  oGecnenHBaiomHe  onpeAeACHHwfi  peaepB 
no  lonnocxH.  C  ncjibio  npHAanna  bcch  KOHCXpyKD[HH  MBHHC-98  MaKCHMajibHon  kom- 
naKXHOcxH  xpn  aKccaiepOMexpa  BMc:cxe  c  aACKipoHHWMH  GnoKaMH  (3B)  (aHanoroauMH 
MHKpocGopKaMH)  oGbeAHHCHH  B  mohoGaok  CyHMapHOH  MaccoH  ~  lOOr,  qxo  OAHOBpe- 
MeHHO  yAynniHAO  xchjiooiboa  h  ynpocxmio  pasHenieHHe  aKcenepoMCxpoB  Bnyipn 
npnGopa.  OneKxpoHHbie  Gjiokh  BOF  BbinojinenH  na  naiaecHbix  ancMenxax  bucokoh 
cxencHH  HHicpranHH  h  pa3McmcHbi  B  cneunajibHiiix  nnuiax.  AnanoroBbic  cnmajiH 
4)HAbxpyK)xca  4>HAbxpaMH  HM3Koia  qacxoxH  (100  XA  no  KaiaanaM  rnpotaconoB  a  50  Fa  no 
KanaTTaiw  ajccenepoMexpoB)  h  abjicc  oAH^poBMBasoxca  nnaxofi  ananoro-  AH4>poBoro 
npeoGpasoBaHHH  (AI^H). 

Ha  ncpBOH  4*a3e  paspaGoxKH  ncnojibsoBajicsi  14-pa3paAHbiH  AI(n  c  GwcxpoAen- 
cxByxoxqHH  anaaoroBUM  MyncbxnnjieKcopoM.  B  ambhchuicm,  a®*  HdcinoqeHHa  bosmojk- 
Hwx  KHHeMaxnqecKHX  norpeunnocieH  npH  BbiqncaieHHH  napaMcipoB  yraoBon  opnenxa- 
AHH  H3-3a  3ana3AWBaHHH  a  nociynnennH  HH4)OpMaAHH  no  pasjiHqnuM  KananaM  BBHAy 
3^(t>eKxa  MyjibxnniieKCHpoBaHHH,  ()H3i  npHMCHen  MeioA  napanncnbHoro  bboab  hh4)op- 
mbahh  b  AI](n.  OGpaGoxica  HH4>opMaAHH  npoBOAHTca  b  nnaxe  cneABuqncaiHiejiH  (CB)  , 
coGpannoro  na  ochobc  ah^^POb^^i^o  cnmajibHoro  npoAeccopa  (I(Cn)  inna  1867BM2 
(TMS320G25). 
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nporpawMHoe  o6ecneHeHHe  cneriBUSHcnHTcaia  noBBOJiaei:  pemaTB  cxae^iyiomHe 
3an:a^H: 

-onpoc  flai^HKOB  HH^OpMaitHH  H  CMHTMBaHHe  B  CB; 

-y^er  cHCTCMaxii'^ecaciix  norpemHocicM  mpocKonoB  h  aKcejiepoMerpoB,  bkjik)- 
»jaa  BBop;  TCMnepaiypHux  nonpaBOK  no  T^iio3;aTnHKy; 

-jiHHcapnsai^Hio  noKwaunn  rnpocKonoB; 

-onpeAenenne  npHpameHnfi  yrna  h  npHpau^eHHfi  KaaQ^imeMca  cKopociH  b  cBaaan- 
HOH  cHcreMe  KOOpnnHaT; 

-BtinHcncHHe  MaxpHii^u  HanpaBJiaiomHX  KocnnycoB; 

-BHHHcaicHHc  npHpamcHHH  Ka:«ymeHca  cKopocxn  b  HHcpmiaiibHOH  cncxeMe 

KOOpAHHaX. 

Bhxohhoh  HHcep4)eHC  (H<P)  b  aaBHCHMOcxH  ox  xpe6oBaHHH,  npe^fbaBJiaewiwx 
noxpe6Hxe3ieM,  ^jopsinpyexca  nH6o  no  nocneffOBaxenbHOMy  nopxy  npoqeccopa,  jih6o  b 
BHfle  RS-232,  hjih  RS422/485. 

HajEHnne  b  cocxase  CB  nepeiiporpaMMHpycMofi  naMaxn  xnna  EEPROM  oodbo- 
jiaex  on^aiHBHo  nsMeHHXB  KOHCianxM  CHCieMaiii*iecKHX  norpeiunocxen  nocne  npo- 
BeAeHHfl  oaepeffHwx  KajiH6poBOK, 

Kax  ctneqyex  K3  pHC.2  MBI'IHC-98  BunonHeHa  b  Bnpfi  MonoSnoKa,  bkjiio- 
naion^ero  b  CBofi  cocxaB  H3MepHic3iH,  nH4)poBue  h  aHanoroBtie  aneKiponnue  6iiokh  h 
BxopnnHHH  HcxonHHK  nHxsiHHX  (BHII),  o6ecncqHBaK)mHH  npeo6pa30BaHHe  Hcperynn- 
pycMoro  HanpsMceHHa  nocxoHHHoro  xoxa  27B  b  cxa6Hiiii3HpoBaHHoe  Hanpa^enHe  +15B 
H  ±5B, 

Taxofi  nosxoq;  k  KOWinoHOBKe  np^ocxaBiiaex  sononaHTejibHoe  y3;o6cxBo  noxpe- 
Shxcjdo,  MHHHMH3iip3''a  KOJiHaccxBO  CBH3CH  c  npH6opoM  (yaHibiBaH  xaKHCc  nocaieaoBa- 
xeJibHbifi  HHxep<|)eHc), 

Peayjibiaxbi  HcnbiiaHHH  pana  o5pa3noB  npH6opoB  npHBeqcHbi  napnc.  3, 4  h  5. 
Kax  cne^iyei  H3  hhx  upewa  Buxoffa  na  xonnocxHyro  roxoBHOcxb  ne  npeBbimaei  2^3  cex, 
qpeM4)  <1  °/Hac,  cxa6HJibHocxb  Maciinia6Horo  K03<|)4JHqHeiiia  no  xanany  rnpocacona 
<0,1%,  a  no  xanany  aKcenepoMeipa  -d),01%  nyjib  axcenepoMcipa  laxace  naxoffinxca  na 
ypoBHe<0,01%-g. 

^jiHxejibHbiH  onbii  axcnnyaxaqHH  BOE  (~5  Jiex)  noxaaaji  Bucoxyso  na^eacHocxb 
pa6oxbi,  npaxxnnecKoe  oicyxCTBne  orpannaeniffi  xax  no  nncaiy  BxinoneHHH,  xax  h  na 
BpeMa  Meacqy  coceanaMH  BtononeHHHMii. 

Hio  xacaexcH  pecypica  pa6oTU  ,  to  no  pesyjibxaxaM  ^HxeubHbix  HcnuxaHHii  n 

npeqiBapiixeiibHbix  oqenoK  ztocTHaccHHC  cro  na  jposne  500-5-100  xwc.aac  (BKraoaaa  ne- 
npepbiBHyio  paOoxy)  ne  aBJiacxca  npo6xEeMHbiM  BonpocoM. 

KoMnoHOBxa  MBHHC-98  laxosa,  axo  cpeAHnn  snawexp  rnpocaconoB  npcBU- 
maex  80  mm  h  3to  noasojiaer  b  ncpcnexTHBe  oSecnenHXb  aBomoqnoHHoe  yaynmenne 
xonnocxH  6e3  HSMencHHa  raGapHXHO-  MaccoBUX  xapaxxejJHCxHX  b  ochobhom  3a  cnex 
ynynmcHHa  onxnnccKofi  nacia  BOF  h  BHespeniia  6ojiee  coBepmennux  anexxpoHHUx 
noscHcxeM. 

Hcxoqa  h3  KpHxepna  cxoHMOCTb/34«l>©KTHBHOcTb  paajinaHMH  noTpeOnxenaM 
Moryx  noTpe6oBaxbta  paBna^Hue  xoMnjiexxaqnn  HHepqajuibHbix  npH6opoB  jihGo  jgia 
pemenaa  cnoacHbix  c  oOecnenenncM  MaxcHMaJibHon  oxxaaoycxoiiaHBOCTH,  jih6o 

naoGopox  ffina  npocrenuinx  aaj^an  xaxHX  xax  xonxponb,  xeneMexpna,  cxaennHsaqiia, 

pcaepBHbie  noqcncTCMW  n  jip. 
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BpCMfl  (  CeK  ) 


Phc.3  rpatJjHK  nepexojUHoro  ^po^eccaKaHaJIa^yC  BHHC-98 
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A.necTyHOB 


Phc.4  Pesynbiaiu  ToqHOCTHMX  HcnwiaHH®  Kanajia/^yC 
BHHC-98  BsanycKe 


HOMep  peanHsauHH 


A.necTyHoa 


B  CB5I3H  C3THM  Ha  6a3e  MBHHC-98  paspaGoiaHo  hoboc  ceMCHCTBo  npH6opoB, 
KOTOpUM  OTHOCaTCa: 

-BWCoKOHaflesKHaa  (2  OTKasa)  cHCieMa  BBHHC-2000; 

-6noK  fflaxHHKOB  yTHOBHX  ycKOpeHHH  B^yC-99; 

-6110K  HcccTKO  ycraHOBJieHHHX  aKccOTCpOMCxpoB  !SCA.KC-99. 


OcHOBHue  xexHHHecEKHe  xapaicxepHciHKH  aaHHoro  ceineHcxBa  npABe^eHU  b  xaBinmel . 

TaBnaqa  I . 


OcHOBHue  xapaKxepHcxHKH  npaBopoB 
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K  OI3IHHiaTe]II.HUM  npH3H£lKaM  HX  OTHOCaiCa: 

-npHMeHeHHeHaiHHKOB,  H3rOIOBJieHHiiIX  no  IBqpffOXejIbHOH  bohokohho- 
onxHHecKOH  H  KBajmeiaoH  lexHOJiorHH; 

-pecypc  cBume  10  luc.  nacoB  c  hobwchhcm  b  HeoBxoaHMUx  caiynanx  ao 
50t  100  xuc.  nacoB; 

-(ItyuKUHOHaiiiiHaa  ti  xoiHOCXHan  i'oxobhocxb  -  eAHHHau  ccKyn^t; 
-3BOJiK)HHOHHOC  yjiyHuieHHe  XOHHOCXH  6e3  H.3MeHeHaH  FMX,  3Hepronoxpc6jie 
HHH  H  qeHu; 
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-HeorpaHHMeHHoe  hhcoio  BioiioHeHHH  Gea  orpaHHHCHHH  BpeMeHH  Meac^y 
COCCAHHMH  BKJQOqeHlKHMB; 

-npaKTHqecKH  nocTOHHHocaHCpronoTp^neHHe  bo  Bcex  peacHMax  paGoiy; 
-aaKOKticHHOcTB  irpaGopa,  Bjono^aioiiiiero  b  cboh  cociaB  ;a;ax'VHKH,  ajieKTpoHHwe 
Gjiokh,  cneqsu'iHcnHTeni,,  h  BxopBiqeue  hctomhiikh  naxaHHa  c  GaaoBUM  HHxepdieHCOM 
RS-232. 
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Abstract 

In  this  paper  there  are  presented  results  of  family  miniature  inertial 
mtasuriug  system  development  for  dynamic  vehicle  applications,  including  different 
types  of  satellites. 

Basis  system  for  wide  range  applications  is  the  strapdown  inertial  system 
MBINS-98,  having  the  mass  less  than  1  kg,  power  consumption  -  less  than  10  Bt. 

Presented  results  of  t^t  data  of  makct  unit  and  considered  different  ways  of 
further  performance  improvement  for  this  family  systems  . 

Besides  presented  brief  comparison  of  this  instruments  with  famous  goreign 
analogs. 


nepcneKTHBM  MHHHaTiopH3aii;HH  rHpocKoninecKHX  npH6opoB  fljia 

KocMKraecKoii  tcxhhkh 

B.M.  AHHJibfltHeB,  B.H.  flpo4)a 
I^HHHMaiu 

141070^  r.KopojieB  ,  MocKOBCKaa  o6jiacTb^ 
yji.  riHOHepcKaa,  4 

B  HacTOBmee  BpeMH  b  oxe’iecTBeHHbix  HSflejinflx  PKT  HanGojibinee 
pacnpocTpaHeHHe  nojiyMUjiH  iioruiaBKOBbie  rapoSjioKH  (IirB),  Koxopwe 
xapaicrepH3yioTca  bmcokoh  tomhoctbio  h  SHaHHxejibHbiM  pecypcoM  pa6oTbi. 
O^lHaKo,  ;iaHHbie  rHpo6jioKH  MBJiaioTCfl  HaaGojiee  floporocTOHimiMH  no 
cpaBHeHHK)  c  flpyrHMH  XHnaMH  nyBCXBHxejibHbix  ojieMenxoB. 

BbicoKaa  cxoHMOcxb  IirE  oSycjioBjiena  Kax  6ojibmoH  xpyzioeMKocxbio 
HX  H3roxoBJieHHa,  xax  n  HcnojibaoBanneM  b  hhx  b  xanecxBe 
KOHcxpyKHHOHHoro  Maxepnajia  floporocxoamero  n  xoKCHHHoro  npH 
o6pa6oxKe  Gepmuma.  3xo  npHBCJio  k  xoMy,  axo  c  Konna  70-x  ro^oB  b 
sapyGexcHbix  MHC  hoboh  paapaGoxKH  flFB  ne  ncnojibajToxca. 

KpoMe  xoro,  naxoflamneca  b  3KcnjiyaTau;HH  oxeaecxBennbie 
Gecnjiax(J)opMeHHbie  HHepii;HajibHbie  Gaoxn,  nocxpoeHHbie  na  ochobc  niB, 
HMCiox  anaanxeabHyio  Maccy  n  anepronoxpeGaeHHe  (10,7  kt  h  43,3  Bx 
cooxBexcxBCHHo  Ha  oflHy  H3MepHxeabHyio  ocb).  B  nacxoamee  Bpeisia  nepea 
paapaGoxaHKaMH  cxonx  aa^ana  anaanxeabHoro  yayaiueHna  aneproMaccoBbix 
xapaxxepncxHK  Gecnjiax4)opMeHHbix  Ghokob  Ha  oceoBe  XIFB:  2,5  kt  n  15  Bx 
Ha  oflHy  H3MepHxeabHyio  ocb. 

J(HHaMHaecKH  HacxpaHBaeMbie  rapocKonw  (AHF)  b  Hacxoainee  BpeMa 
aBJiaioxca  HanGoaec  MaccoBbiMH  ayBcxBHxeabHbiMH  aaeMenxaMH  b 
aapyGexoHbix  HaBHranHOHHbix  cncxeMax  caMbix  paaanaHbix  HaaeaHH 
paKexHOH  xexHHiCH.  3x0  oGycaoBaeno  xeM,  axo  sapyGexcHwe  ^(Hr  HMeKxr 
xoHHocxb  0,003^0,007  rpa/t/aac,  Ganaxyro  x  xoanocxH  IlFB,  ho  HMeK)x 
jiyaniHe  aneproMaccoBLie  xapaxxepHcxHXH,  a  raaBHoe-  Menbiiiyx) 
cxoHMOcxb.  npH  3XOM  AHF,  B  oxaHHHe  ox  nFB,  aBaaexca  xpexcxeneHHbiM 
npHGopoM,  xo  ecxb  fljia  xpexoceoro  HHepHnajibHoro  naMepHxeabHoro  Gaoxa 
xpeGyexca  xpn  HFB  iuih  ;iBa  ^HF,  b  peayabxaxe  cxohmocxb  xoMoaexxa 
ayBCXBMxeabHbix  saeMCHXOB  HHepuHaabHoro  Gaoxa  na  ochobc  IlFB 
npHMcpHo  B  2,5  paaa  Bbime,  acM  Ha  ochobc  ^HF. 

HaxoflamHccfl  b  3XcnayaxaHHH  oxeaecxBeHHbie  Gccnaax4)opMeHHbic 
GaoxH  Ha  ochobc  AHF  xapaxiepnayioxca  cacflyiomHMH  SHeproMaccoBbiMH 
HoxaaaxeaaMH:  2,5  xr  h  18  Bx  Ha  oany  HaMcpHxcabHyio  ocb.  IIpoBoaHMaa  b 
Hacxoaincc  BpcMH  MOflcpHHaamia  sxhx  GaoxoB  noasoanx  yBcaiWHXb  hx 
pccypc  flo  100  xbic.  MacoB  h  ^^obccxh  SHcproMaccoBwe  xapaxxepHCXHXH  ;i;o 
ypoBHH  1  xr  H  10  Bx  Ha  o^ny  HaMcpHXcabHyx)  ocb.  3xo  floaxcHo  noasoaHXb 
aaMCXHo  paciuHpHXb  HcnoabaoBaHHC  /(HF  na  oxchccxbchhbix  Haflcaiwx 
PKT. 

^aabHCHiuHC  nepcncxxHBbi  yaynmcHiia  ochobhwx  xcxhhhccxhx 
xapaxxcpHcxHx  Gcciiaax4)opMeHHbix  HHcpHHaabHbix  Gaoxos  wia 
xocMHHccxoii  xexHHXH  CBHaaHO  c  HcnoabaosaHHCM  rnpocxonoB  na  hobwx 
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4)H3HHecKHX  npHHijHnax  -  jiaaepHoro  h  BojioKOHHO-onTiraecKoro 
mpocKonoB.  Yxce  c  KOHiia  80-x  ro^tOB  Hanajiocb  HcnojibsoBaHHe  jiaaepHbix 
rapocKonoB  b  HaBHraitHOHHbix  cHcxeMax  aapySexHbix  HSflejiHH  paKexHO- 
KocMHraecKOH  xexHHKH  H,  npe^K^c  Bcero,  b  CHcxeMax  ynpaBjieHHfl  paxex- 
Hocnxe.xeH  (“/l,ejibxa-2”,  “THxaH-4B”,  “Ilerac”,  “ApHaH-4”,  “ApHaH-5”  h 
B>p.)'  MajioraSapHXHbie  jiaaepHbie  rnpocKonbi  GG-1308  c  btihhoh  cxopoHbi 
2  CM  (|)HpMbi  Honeywell  ycxaHOBjieHbi  Ha  KA  “Clementina- 1”. 

BonoKOHHo-onxnqecicHH  rapocKon  (BOF)  no  npnHnnny  B;eHcxBHS[ 
6jih3ok  k  jia3epHOMy  rapocKony,  ho  3aMexHO  npesocxo^HX  nocjie^^HHH  no 
sHcproMaccoBbiM  xapaKxepHcxHKaM,  a  caMoe  xjiaBHoe  -  cxohmocxb  BOF 
npHMepHO  B  xpH  paaa  Hiofce,  mcm  MexaHHnecKHX  rapocKonoB.  B  cbb3H  c 
3XHM,  xoxa  xonHocxb  BOF  b  nacxoamee  BpeMH  aaMexHo  HHXce,  neM  y 
MexaHHHecKHX  rapocKonoB,  npaKxnnecKH  see  Beflymne  rapocKonKnecKHe 
(J)HpMbI  CIUA,  AhFJIHH,  OpaHUHH,  FepMaHHH  H  ^IIOHHH  Be^yX  mHpOKHM 
(^poHxoM  paSoxbi  no  coBepmencxBOBaHHK)  BOF.  Flo  nporaosaM 
3apy6excHbrx  cneimaJiHcxoB,  b  cKopoM  BpeMeHH  BOF  aaHMex  jiHflHpyioinee 
nojioxceHHC  Ha  MHpOBOM  pbiHKe  npoH3Bo;^cxBa  rapocKOHHnecKHX 
nyscxBHxejibHbix  ojieMOHXOB  (o6beM  npOHBBOflcxBa  na  ypoBHe  ^ecHXKOB 
xbicBH  luxyK  B  ro;];). 

Hmcioxcb  cooSiHeHHB  o  pa3pa6oxKe  6ecnjiax4)opMeHHoro 
HHepHHajibHoro  6jioKa  na  BOF  MaccoH  70  r.  HaH6ojiee  MHHuaxiopHbni 
oxeMccxBeHHbiH  BOF  BF  941  HMeex  Maccy  40  r  h  3Hepronoxpe6jieHHe  0,6 
Bx. 

B  HacxoHinee  BpeMJi  npaKXHHecKH  Bce  Beflymne  rnpocKonunecKne 
(|)HpMbi  (6ojiee  20)  CIIIA,  Ahfjihh,  tPpaHiiHH,  BnoHHH  HHxencHBHO  Bejiyx 
paOoxbi  no  cosztaHmo  MHKpoMexanHHecKHX  FHpocKonoB  h  axcejiepoMexpoB, 
HyBCXBIiX6J[bHbie  3JieMeHXbI  KOXOpbIX  MOXCHO  paCCMOXpeXb  XOJIbKO  nofl 
MHKpocKonoM  [1  -  4].  Macca  xaKHX  npnCopoB  hchhcjibcxcb  HecKOjibKHMH 
FpaMMaMH^  a  3HepFonoxpe6jieHHe-  b;ojibmh  Baxxa.  Ha  pbiHKe  yxce  noHBHJicH 
FHpocKon  MaccoH  3,5  f  h  aKcejiepoMexp  MaccoH  1,5  f.  KoHenno,  xonHocxb 
xaKHX  npnSopoB  b  HaexoBmee  BpeMH  anaHHxejibHO  yexynaex  xohhocxh 
npnOopoB,  nocxpoeHHbFX  no  xpa^nnHOHnon  xcxhojiofhh,  ho  HH3KaH 
cxoHMOcxb  H  MaHbie  FaSapHXbi  h  oHepFonoxpeSjienne  oGecnenax  hm  b 
6yBymeM  mHpoKira  /^HanaaoH  npHMeHeHHH,  KoxopBiH  6yflex  pacmHpnxbCH 
no  Mepe  noBbimennH  xohhocxh  3XHX  npH6opoB. 

H,n;eH  BHOpanHOHHoro  xnpocKona  6buia  BbiflBHHyxa  b  50-x  Fo^iax. 
OcHOBOH  nepBOH  npopaSoxKH  3Xoh  nflen  6bui  BHGpnpyioinHH  cxepxccHb, 
BcKope  noHBHjiHCb  npopa6oxKH  6ojiee  H3BecxHOH  paanoBH^HoexH  3xoh 
HfleH  -  BHSpHpyiOinHH  KaMepXOH.  ripHHPHn  paGoXbl  BH6paE(HOHHbIX 
FHpocKonoB  ocHOBaH  Ha  xex  xe  aaKonax  MexaHHKH,  nxo  h  KJiaccimecKHX 
FHpocKonoB  c  BpainaioinHMCH  poxopoM.  OxjiEraHe  aaKjnonaexcH  xojibKo  b 
XOM,  nxo  BpamaiOmHHCH  C  nOCXOHHHOH  CKOpOCXbK)  poxop  aaMCHHeXCH  Ha 
HHepn;HOHHoe  xejio,  coBepmaioinee  KOjieSaHHH  c  nocxoHHHofl  nacxoxon  n 
aMroiHxy^ioH,  x.e.  BHGpHpyioinee.  B  peaynbxaxe  sxofo  momchx  chji  HHepii;HH 
KopHOJiHca  HBJiHexcH  3HaKonepeMeHHbiM,  a  CJIe;^OBaxeJIbHO,  h  peaKnnn 
npH6opa  (npeneccHH)  na  BpamcHHe  ocHOBaHHH  c  nocxoHHHOH  yrjioBon 
cKopocxbK)  HBjiHexcH  3HaKonepeMeHHOH  -  KOjieSaHHH  c  onpeB;ejieHHOH 
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HacTOTOH,  aMiuiHTy;;a  KoropHX  nponoppHOHajibHa  yrjiOBOH  cKopocTH 
ocHOBaHHH.  Ecjih  pcHTp  Macc  Bn6pHpyioinero  HHepn;HOHHoro  xejia  Gy^ex 
cMemeH  oxHocHxejibHo  peHxpa  ero  no^(Beca,  xo  npiiGop  Gy^ex  He  xojibKO 
rapocKonoM,  ho  h  aKcejiepoMexpoM  oflHOBpeMeuHO  -  MaaxHHKOBbiM 
aKcejiepoMexpoM  KjiaccuqecKoro  xHna. 

Eme  B  nepHOfl  nepBbix  npopaGoxoK  Hflen  BHGpaitHOHHoro  rapocKona 
yncHbie  BbicKaabiBajin  npeBinojioxceHHe,  hxo  npoHB;ex  mhoxo  jiex,  npexme 
HCM  3xa  HflCH  Gyflex  /i,OBe;],eHa  flo  npaKXHHecKoro  npHMeneHHH.  npaKXHKa 
HOJIHOCXbK)  HOflXBepflHJia  3X0  HpeflHOJIOXCeHHe.  TojIbKO  OCBOCHHe  HOBbIX 
KOHcxpyKHHOHHbix  MaxepHBjioB  (KBapH,  KpeMHHH),  xexHojioxHH  paGoxbi  c 
HHMH  ((J)oxojiHxorpa(J)iM[,  XHMHHecKoe  xpaBJieHHe,  MexajuiHaaqHB  h  x.n.), 
/tocxHxceHHH  B  oG.iacxH  MHKpoajicKxpoHHKH  no3BOJiHjiH  Ha  pyGexcc  80-90-x 
r.r.  peajiH30Baxb  na  npaKXHKe  H^eio  BHGpapHOHHoro  XHpocKona. 
IloCKOJIbKy  pa3MepbI  MyBCXBHXejIbHblX  SJieMCHXOB  3XHX  FHpOCKOnOB  H 
axcejiepoMexpoB  cocxaBmxH  eflHHHHW  h  fla:*:e  ^ojih  MHJuiHMexpoB,  xo  3a 
ztaHHbiMH  npnGopaMH  aaKpenujiocb  HasBaHHe  "MHKpoMexaHEraecKHe 
rapocKonbi  H  aKcejiepoMexpw". 

Beflymee  nonoxccHHe  b  paapaGoxxe  BHGpapHOHHbix  rapocKonoB  3a 
pyGejKOM  3aHHMaex  JlaGopaxopna  /Ipennepa  [2].  C  1991  no  1995  rofl 
JlaGopaxopHCH  /],peHnepa  Gbuio  naroxoBjicHo  n  Hcnbixano  Gojiee  200 
pasjiiniHbix  MoaH(}]iHKan;nH  MHKpoMexaHHnecKHx  KpeMHneBbix 
BHGpaHHOHHbIX  FHpOCKOnOB.  PaSMepbl  3XHX  FHpOCKOnOB  CXOJIb  Majlbie,  HXO 
Ha  FLaxHBioHMOBOH  KpeMHHeBOH  njiaxe  Moxcex  Gbixb  BwnojiHeHo  ox  3000  flo 
10000  FipnGopoB. 

B  1995  F.  JlaGopaxopHH  ^peiinepa  npo;i;eMOHCxpiipoBajia  xoMHOcxb 
MHKpoMcxaHHnecKOFO  BHGpaHHOHHOFo  FHpocKona  Ha  ypoBHe  120  Fpa^t/nac, 
a  B  1996  F.  -  4,4  Fpa;^/Hac.  IJ,ejibK)  B,ajibHeHiuHX  paGox  JIaGopaxopHH 
/l,peHnepa  HBjiaexca  co3B,aHHe  npnGopoB  c  FipeH4>OM  Menee  1  FpaFt/nac. 

EepBoe  noKojieHHe  MHKpoMexaHHxecKHX  BHGpapHOHHbix  FHpocKonoB 
(DGC)  JIaGopaxopHH  ^Ipennepa  ocHOBbiBajiocb  na  AByxocHOH  paMonnoH 
KOHCXpyKHHH  HyBCXBHXCJIbHOFO  OJieMCHXa.  B  npOLteCCe  HCCJieFtOBaHHH 
npnGop  ^laHHOH  cxeMW  no/tBepxajicH  Heo^HOKpaxHbiM 
yCOBepmeHCXBOBaHHBM  B  naCXH  KOHCXpyKPHH,  XeXHO,JIOFHH  H3FOXOBJieHHa  H 
ajieKXpOHHKH. 

OFtHaKO  XeXHHHeCKHe  XpyFIHPCXH,  CBHSaHHbie  C  (J)OpMHpOBaHH6M 
HHepHHajibHOH  Maccbi,  npHBejiH  K  xoMy,  hxo  Gbuia  paapaGoxana  nojiHocxbio 
njiaHapHaa  KOHcxpyKii;:HH  MHKpoMexaHH^iecKoxo  BnGpaHHOHHoxo 
FHpocKona,  KoxopbiH  nojiyHHji  HaxBaHHe  -  caMonacxpaHBaiomHHCH 
BHjioHHbiH  FHpocKon  (TFG),  a  paGoxbi  no  DGC  b  1993  FOBy  GbuiH 
npeKpameHbi. 

BbUIO  paspaGoXaHO  H  HSFOXOBJieHO  HeCKOJIbKO  MOBHcJjHKaHHH 
FHpocKonoB  njianapHOH  cxeMw  TFG,  Koxopwe  npoimiH  ycneniHbie 
HcnwxaHHH. 

Ha  ocHOBaHHH  npoBCBeHHbix  JlaGopaxopHen  ^pennepa  HccjieBOBaHHH 
KOHcxpyjtcropcKaa  BOKyMeHxapHB  na  TFG  h  MHKpoMexaHHnecKHH 
MaHXHHKOBbiH  aKcejiepoMcxp  (MMA)  Gbuia  nepe/iaHa  (jjHpivie  Rockwell 
International,  Koxopan  nanajia  ocBoenne  hx  npoHXBOBcxBa,  b  xom  HHCJie 
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npHMeHHTejIbHO  K  aBTOMo6njII.HOH  npOMHIIUieHHOCTH.  npH  3TOM 
ajieKTpoHHKa  HaroxaBJiHBaeTca  (JjHpMOH  no  TOjicToruieHonHon 
HHTerpiuibHOH  TexHOjioran,  a  Ka»[HbiH  rnpocKon  h  aKcejiepoMexp  BbinojiHen 
B  BHZie  HHxerpajibHOH  MHKpOCXeMbl. 

Ha  ocHOBaHHH  pa3pa6oxaHHbix  TFG  n  MMA,  b  paMKax  nporpaMMbi 
ERGM  (npori>aMMa  HaBErannoHHoro  o6opyaoBaHnn  flBOHHoro 
HaanaHeHHa),  6bui  cosaan  HHepnnajibHbiH  HSMepHxejibHbin  6jiok, 
KOMOJieKCHpOBaHHblH  C  HaBHXanHOHHblM  npHCMKHKOM  CHCXCMbl 
“HaBcxap”. 

/l,aHHbiH  6jiok  BbinojTHeH  B  BHJie  5  njiax  pasHWX  pasMepoB  (njiaxa 
BXOpHHHbIX  HCXOMHHKOB  nHXaHHH,  npOnCCCOpa,  npHCMKHKa 
HaBHxanHOHHbix  CHraajTOB,  aKcejiepoMexpoB  h  rnpocKonoB), 
ycxaHOBjieHHbix  b  Kopnyce  flnaMexpoM  75  mm.  IIpH  3xom  b  nanajie  1997 
rofla  npeanojiarjuiocb,  nxo  axox  6jiok  6yzi;ex  HMexb  cjiejiyioinHe 
xapaKxepncxHKH: 

-  flnanaaoH  HSMepeHUB  yxjioBOH  cKopocxn,  rpa;]:/c  ±  100 

-  flnanaaoH  HSMepen™  jiHHeHHoro  ycKopenna,  g  ±100 

-  zipeHtJ)  FHpocKona,  rpan/nac  10,0 

-  norpeuiHocxb  CMememiH  nyjia  aKcejiepoMexpa,  %  0,01. 

B  flajibHenmeM  npn  ^epexoz^e  k  XBep^toxejibnon  HHxerpajibHon 
xexHOJioran  6ecroiax(J)opMeHHbiH  HHepnnajibHbiH  HSMepHxejibHWH  6jiok 
Oynex  BbinojiHeH  b  BHji;e  onHOH  HHxerpajibHOH  MHKpocxeMbi  c 

xapaKxepHcxHKaMH: 

-  raSapHXHbie  pasMepbi,  mm  20x20x5 

-  Macca,  ipaMM  5 

-  3HepronoxEie6jieHHe,  Bx  <1. 

Pa6oxbi  no  coanaHHio  MHKpoMexaHimecKHx  rnpocKonoB  h 

aKcejiepoMexpoB  b  oxenecxBeHHOH  npoMbiuuieHHOcxH  ObuiH  Hanaxbi  b 
Hanajie  90-x  ronoB. 

B  HacxoBinee  BpeMH  paapaOoxKOH  MHKpoMcxaHHnecKHx 
HyBcxBHxejibHbix  3:ieMeHxoB  aaHHMaioxcn  IJ/HHMMaiu,  A03T 
"FHpoonxHKa”,  HHHHM  hm.  aKancMHKa  B.H.  KyanenoBa,  HUM  KH, 
PaMeHCKoe  PIIKB. 

B  lj;HHHMam  Ha  ocHOBaniiH  npoBeneHHbix  HccjienoBaHHH  b  1993- 
1995  ronax  6buia  paspaBoxana  cxeMa  h  KOHCxpyKxopcKaH  noKyMeHxaqna 
KOMSHXiHpoBaHHoro  MHKpoMexaHHHecKoro  BH6panHOHHoro  rapocKona- 
aKcejiepoMexpa  (MBFA)  FAM-03  paMonnoH  cxeMW,  nyBcxBHxejibHWH 
3jieMeHX  Koxoporo  npencxaBjniex  co6oh  HHepnHOHHyio  Maccy  b  nByxocHOM 
ynpyroM  nonBece.  Bbuin  HsroxoBJieHbi  3jieKxponeHCXByioinHH  h 
KOHcxpyKXopcKo-xexHOJiorHnecKHH  MaKexbi  FAM-03  c  nyBCXBHxejibHbiM 
3JieMeHXOM  H3  SepHJUiHeBOH  6poH3bi  c  raSapHXHbiMH  paaMepaMH 
(3,75x3,75)  MM,  MaccoH  0,250  rpaMM  h  Ojiokom  3jieKxpoHHKH, 
BbinojiHeHHbiM  no  HHxerpajibHOH  xexHOjioxHH  [3]. 

OnnaKo,  npH  HcnbixaHHUx  KOHcxpyxxopcKHX  oBpaanoB  npnOopa  FAM- 
03  6bui  BbiHBjieH  pan  HenocxaxKOB  naHHoii  cxeMbi,  o6ycjioBjieHHbix  npexcae 
Bcero  cjioxcHocxbio  locxHpoBKH  H  oCecneneHHa  npoHHOcxH  KpenjieHHa 
HHepnHOHHOH  Maccbi  oxHOCHxejibHO  BHyxpeHHero  sneMCHxa. 
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B  flajiBHeHiueM  6i>ijih  nposefleHti  Hccjie^toBaniw  h  paapaGoxaHa 
KOHCTpyKTopcKaa  flOKyMeHTamoH  npH6opa  FAM-IOKEOB  kohcojibhoh 
CXeMW  C  MOHOJIHTHWM  HyBCTBHTeJIbHbIM  ajICMCHTOM  H3 
MOHOKpHCTajUIUHeCKOrO  KpeMHHH  H  eMKOCTHMM  /jaTOHKOM  yTJia. 

OcoSeHHocraMH  KOHCTpyKHHH  qyBCTBEnrejibHoro  sjieMeHxa  FAM- 
IOKEOB  HBJiaiOTCa  : 

-  MOHOJIHTHaa  KOHCTpyKHHH  HHCpHHOHHOrO  ajICMCHTa  H 
HHepHHOHHOH  Maccbi; 

-  BHyrpeHHHH  topchohhhh  noflBec; 

-  Hcnojib30BaHHe  rpeBeHqaxoro  (bhjiohhoto)  ajieKTpocTaxHHecKoro 
npHBOfla; 

-  peiuexHaxaH  KoncxpyKHHLa  hhcphhohhoh  Maccw. 

MoflepHHxaHHH  KOHcxpyKHHH  HyBCXBHxejibHoro  ajieMeHxa  h3  kpcmhhh 

c  cMKocxHbiM  Hai’HHKOM  jTjia  no3BOJiHJia  ycxpaHHXb  npoBjicMbi  KperuieHna 
HHepHHOHHOH  Ma.ccbi,  oGecneHHXb  HoGpoxHocxb  Ha  ypoBHe  10^  -  10"^  6e3 
BaKyyMHpoBaHHH  BHyipcHHCH  HojiocxH  npnBopa  h  HxroxoBjieHHH 
cneHKoprryca  h  cymecxBeHHo  yMCHbinHXb  MonyjiHHHio  nojiesHoro  CHraajia 
Ha  qacxoxe  B036y>KHeHHH. 

B  HacxoHiHce  BpeMH  aaBepinaexcH  oxpaSoxKa  ochobhmx  xexnpoHeccoB 
HxroxoBJieHHH  HyBCXBHxejibHoro  ajieMenxa  FAI'/I-IOKEOB,  Koxopwe 
BKJiioHaiox  B  ceBa  npoHeccw  4)oxojiHxorpa4)HH,  rayBoKoro  BopnpoBaHHa, 
XOHHOrO  aHHXOXpOHHOrO  XpaBaeUHH  H  3aeKXpOHH4)(i)y3HOHHOH  CBapKH. 
OcoBeHHocxbio  paapaBoxaHHOH  xexHoaoxHH  HBaaexca  MHHHMHxaHHH 
xexHoaoxHHecKHX  onepaHHH  h  pacxoaa  MaxepHajioB. 

C  y^iexoM  B03Mox<Hbix  oBaacxcH  HcnoabxoBaHHH  paapaBoxana 
HOKyMeHxaHHH  6ecruiax4)opMeHHoro  HHepHHajibHoro  BaoKa  BHB-2000  Ha 
ocHOBe  MHKpoMexaHHHecKoro  BHBpaHHOHHoro  rapocKona-aKceaepoMexpa 
FAM-IOKEOB. 

BHB-2000  cocxoHx  H3  xpex  ohhoochmx  ayBCXBHxeabHbix  saeMeHxoB 
FAM-IOKEOB,  opHeHXHpoBaiiHbix  oxHocHxeabHo  ap5a'  apyra  xaKHM 
oBpaaoM,  axo  och  ayBcxBHxeabHocTH  rapocKonoB  h  aKceaepoMexpoB 
oBpaayiox  npaByio  opxoroHaabHyio  cHcxeMy  Koopamiax.  flaa  KOMnencaHHH 
xeMnepaxypHbix  norpeniHocxcH  b  BaoK  BKaioaen  aaxaHK  xeMnepaxypw. 
'FyBcxBHxeabHbie  oaeMetLXbi  FAM-IOKEOB  h  aaxaHK  xeMnepaxypbi 
KpenaxcH  Ha  noaaoHCKe  h  Mexmy  coBoh  c  noMon^bK)  Kaea.  Ha  nonaoxace 
xaKsce  ycxaHOBaeHbi  xpH  BecKopnycHbie  XBepaoxeabHwe  HHxerpaabHwe 
MHKpocxeMbi,  peaanayioiHHe  BaoK  aaeKxpoHHKH  BHB. 

B  HeaoM  HpeaaoHceHHbie  cxeMHo-KOHcxpyxaHBHwe  pemeHHH  h 
paapaBoxaHHaa  KOHcxpyKxopcKaa  aoKyMeHxanHa  nosBoaaiox  coanaxb 
Becnaax(J)opMeHHbiH  HHepHHaabHbiH  BaoK  na  ochobc  MHKpoMexaHHaecKoro 
BHBpaHHOHHoro  rnpocKona-aKceaepoMexpa  h3  MOHOKpHcxaaaHaecKoro 
KpeMHHa  H  HHxerpaabHOH  oaeKxpoHHKH,  hmcioihhh  caeayioniHe 
xapaKxepHCXHKH: 
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-  ;piana30H  HSMepeHHSL  yrjioBofl  cicopocxH 

-  jtHanaaoH  H3MepeHHa  JiHHeHHoro  ycKopeHiM 

-  norpeiuHOCTb  MacuixaSHoro  K03(|)(})Hri:HeHxa 

-  'lyBcxBHxejibHocxb  : 

no  Kanajiy  rapocKona 
no  Kanajiy  aKcejiepoMexpa 

-  ra6apHXHbie  paxMepbi 

-  3Hepronoxpe6jieHHe 

-  Macca 


±  (3...  100)  Fpafl/c; 
±10g; 

0,5  %  ; 


0,005  rpafl/c  ; 
0,01  m/c^  ; 
20x20x5  MM  ; 
1,5  Bx  ; 

5  r. 


B  1998-99  rr.  o^maaercH  nojiynenHe  fleiicxByiomHx  MaxexHbix 
oOpaanoB  npnOopoB. 

TaKHM  oOpaaoM,  hmcioxcji  peajibHbie  npeOTOcbuiKH  fljia  co3/i;aHiM  b 
OjiHXcaHniHe  naxb  Jiex  HH6p]j;HajibHbix  H3MepHxejibHbix  npnOopoB, 
ynoBJiexBop^iomiix  xp»e6oBaHHHM,  npeflbnBJineMbiM  k  HHeppHajibHbiM 
cHcxeMaM  Majibix  KocMiwecKHX  annapaxoB. 
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Prospects  of  minificatioEi 
of  gyroscopes  mstrumeiits 
for  cosmic  technicians 


V.  M.  Achildievl,  V.N.  Drofa.  «TSNIIMASH». 

Given  test  of  trends  of  the  improvement  features  of  mass  and  power 
strapdown  inertials  blocks  on  the  base  integrating,  dynamically  timed  ,  lazer  and 
fiber-optic  gyroscopes. 

Main  attention  specific  question  of  malting  the  micromechanical  gyroscopes 
and  accelerometers,  detector  elements  which  possible  consider  under  the 
microscope  only. 

Happen  To  results  of  functioning  TSNIIMASH  on  micromechanical 
vibratory  gyroscopes  -  accelerometers  and  strapdown  inertial  blocks  on  their  base. 


V.Achildiev 


/l,B>^pOIieCCOpHI»IH  BbraHCJIHTejIbHMH  MO/iyFIb 
fljiH  ajieMCHTHOH  6a3bi  HOBoro  noKojieHHa 
nepcneKTHBHbix  cpe^cTB  PKT 

JI.K.naxpHKeeB,  F.M.CyxoB 
KB”CajiroT”  FKHrm  HM.M.B.XpyHUHCBa 
121309,  MocKBa,  HoBosaBOflCKaH  yji.,  18 
xeji  142-59-21,  4>aKc:  956-24-41 
C.H.YBapoB 

MHCTHTyr  npoOjieM  ynpaBjicHHH  PAH 

PaccMaxpHBaKyrcii  iiocxpoeHHe  h  xapaKxepHcxHKH  nepcneKXHBHoro 
BbrxHcitHxejibHoro  MHKponpoixeccopHoro  MOfly.nH  xpia  Bopxosbix 
BbiqHcjiHTejibHbix  cexeH  ceMeHcxB  paKexoHOCHxejieH,  Majibix  KocMKraecKHX 
annapaxoB  h  opOxrxajibHwx  cxaHUHH. 

VcnemHoe  npoflBHXceHHe  Ha  MwpoBOH  pbiHOK  pocchhckoh  PKT  bo3- 
MOXCHO  TOJIbKO  HpH  yC.ITOBHH  C03;i;aHI15I  KOHKypeHXOCnOCoOHblX  H3p;ejIHH  Ha 
ocHOBe  sjieMeHXHOH  6a3bi,  He  ycxynaromeH  no  cbohm  napaMexpaM  h  xexHO- 
jTOFHaM  3apy6exaxbiM  oOpaaiiaM.  HocKOJibKy  b  cocxaBe  nepcneKTHBHbix 
cpe;[ICTB  PKT  nojiaBJiHiomaa  nacxb  OopxoBbix  cHcxeM  OaaHpyexcH  na 
cpejicTBax  ajieKxpoHHKH,  coBepmencTBO  ee  sjieMeHTHOH  6a3bi  npHoSpexaex 
cerojIHH  oco6oe  ananenHe.  B  BjinacaHiuHe  ro/i;bi  mhpobwm  pwhkom  koc- 
MHHecKOH  xexHHKH  ByxiyT  BJiap;eTb  4>npMbi,  HcnojibayiomHe  nepe^oBbie  hh- 
4)opMaiJ[HOHHO-BbniHcjiHTejibHbie  TexHojioxHH  H  ojieMeHTHyio  6a3y. 

B  xi;oKJiap;e  paccMaxpHBaioxcH  ocoOeHHOcxH  apXHTeKxypbi  nepcneK¬ 
THBHbix  SopTOBbix  BbiHHCjiHTejibHbix  ceTeH  HJiH  ceMexicTBa  MKA,  PH  h  OC, 
a  TaiOKe  xapaKxepHCTHKH  hx  OaaoBoro  MHKponpoiieccopHoro  Monyjm  hobo- 
ro  noKOJieHHH,  nocTpoeHHoro  Ha  ojieMeHTHOH  Oaae  (JjHpMbi  Intel. 

3tot  Mopyjib  pa3pa6oTaH  HFiy  PAH  flJiH  nepcneKTHBHbix  HaflejiHH 
PKT  H  HBjHieTCH  nepBbiM  B  SyaymeM  ceMencTBe  BbicoKonpoHBBOflHTejibHbix 
ynpaBJHHouxHX  cHCTeM  noBbimcHHOH  Ha^excHocTH.  XapaKTepHcxHKH  Mony- 
jia,  a  TaKXce  cxeMbi  ero  npHMeHeHHH  b  nepcneKTHBHbix  OopxoBbix 
BbiMHCJiHTejibHbix  ccTHX  Majibix  KA  npHBefleHbi  B  oT^ieTe  KB  “CajiioT” 
FKHHl^  HM.  M.B.Xp>^HHeBa  1997  r.  no  HHP  ‘TlnpaMHua-B”.  TaM  xce 
paccMOTpeHbi  peayjibTaTbi  ero  cpaBHHTejibHOH  ou;eHKH  c  napaMeTpaMH  ana- 
jiorH^Hbix  MoxiyjieH,  coaflasaeMbix  xpin  pocchhckoh  kocmhhcckoh  oxpacjiH 
no  nporpaMMe  “CajnoT-2000’'. 


Jl.HaTpHeKeeB 


riepbneRTMBbc  noBbiiueHiiB  tohhoctm  aBTOMara 
ynpaBiieHMB  no/ioxeHMeM  MKA  b  npocrpaHCTBe 


B.  HeaHOB 
UHHMMaiu 

141.070^  r.  Kopones,  MocKOBCKaa  oSnacTb, 
yn.  riMOHepcKaB,  4 
OaKc:  (095)  513  4393 


HOBbie  B03MO>KH0C™  TeXHOnOrUM  MUKpOMUHHailOpHSaUMM  paCLUHpBKDT 
o6nacTn  KOMMepnecKoro  ncnonbsoBaHnyj  Manbix  KOCMUMecKnx  annaparoB 
(MKA)  c  BbicoKOTOHHOM  opMeHTapneM.  BasoBbiM  SnoKOM  flnB  raxi/ix  MKA 
BBnBGTCB  nnaicfiopMa  c  MUHnaTtopnoM  cucieMOM  ynpaBneHWB  oninManbHOM 
KOppeKLtneii  n  tohhom  CTaGunnaauiMeM  nono>KeHMB  b  npocrpaHCTBe. 

fluHaMHHecKwe  CBOMCTsa  MKA,  coBpeMenHbie  xapaKrepMCTHKii 
Ml/!HHaTK)pHblX  HHepUI/iaHbHblX  M  OnTMHGCKMX  RaiHHKOB  OpueHTaUHM, 
MMnynbCHaB  M36biTOHHOCTb  ciinoBOH  ycraHOBKM  n  rpafluunoHHbie  Meroflbi 
nocrposHHB  aBiOMara  ynpaBneHi/ia  He  Moryr  o6ecneHHTb  OAHoepeMeuHo 
Tpe6yeMOH  CbicrpopeHCTBHyi  ii  tohhocth.  TeopMB  CMHiesa  oniMManbHbix 
aBTOMaroB  ynpaBneni/iB  BbicoKMx  hopbakob  abb  nenMHeHHbix  CMcreivi  c 
CHBOBOH  M36blTOHHOCTbK)  npw  OUJM6KaX  MSMepeHHM  KOOpAHHaT  BblLUe 
rpeSyeMOH  tohhoctm  ynpaBneHMB  cennac  TonbKO  HanMHaer  pasBMBarbCB. 
□osTOMy  B  paSore  abb  onpeAeneHMB  noreHUManbHbix  BOSMOKHOcreM 

nOBbllUeHMB  TOHHOCTM  aBTOMATa  ynpaBAGHMB  MCn0Ab30BaH  CMCTGMHblM 
aHanM3  paanMHHbix  nacTHbix  peiueHMM  m  paapadoTaH  MeTOAMHecKMM  hoaxoa 
K  cMHTesy  KOMnneKCHoro  anropMTMa  ynpasneHMB  Ha  ochobg  nexoTopbix, 
BBepeHHblX  AOrMHeCKMX  aepMCTMK. 

Sapana  CMureaa  aBTOMara  coctomt  b  tom,  HToSb!  npM  KOMnnexcHOM 
McnonbsoBaHMM  peiueHMM  nacTHbix  aapan  m  sbpmctmk  nonyHMTb  aapaHHbie 
xapaxTepMCTMKM  TOHHOCTM  ynpaBAGHMB  ABM>KeHMeM  annapara,  yBBsaB  mx  c 
TpeSyeMOM  abb  SapaHHOrO  6blCTpOAeMCTBMB  CMAOBOM  MSSbITOHHOCTbtO 
ABMrareAbHOM  ycraHOBKM  m  TOHHocTbto  onpepeneHMB  koopamhathom 
MHCpOpMAAMM,  T.G.  CMHTGSMpOBaTb  OnTHMAAbHyK)  BO  6blCTpOAeMCTBMK3  M 
TOHHOCTM  CMCTGMy  B  qenoM. 

Ha  paHHOM  erane  pa6oTbi  paccMorpeHbi  cnepyioipMe  Bonpocbi: 

1.  OnTMManbHbiM  no  SbicTpopeMCTBMK)  M  KBaaMonTMManbHbiM  no  tohhoctm 
npouecc  ynpaESAGHMB  MKA  c  pexMMOM  opMeHTapMM  m  CTa6MnM3aMMM 
npM  MMnynbCHOM  MsSbiTOHHOCTM  ynpasnBtoiMMx  opranoB; 

2.  ripopecc  onTMiviaribHOro  ynpasneHMB  MKA,  —  kak  CMcreMa  c  noniocoM 
BToporo  nopBAKa  m  aBTOMaroM  ynpaaneHMB  c  HyneM  sToporo  nopBpKa; 

3.  riyTM  nOBblLUGHMB  TOHHOCTM  CTaCMAMSaUMM  npM  OlUMGKaX  MSMepeHMM  c 
McnonbsoBaHMGM  anpMopHoro  peiueHMB  yxaaaHHbix  Bbiiue  sapan; 

4.  Cmhtgs  KOMnneKCHoro  pByxpexMMHoro  anropMTMa  ynpaBneHMB. 

B  pesynbTare  aHanMca  noxaaaHa  npaKTMHecxaB  peanMoyeMocTb 
paHHoro  KOMnneKCHoro  anropMTMa.  flpM  ypoBHe  cmaobom  MMnynbCHOM 
M36blTOHHOCTM  M„/Mc  »  50.. .100-  M  npeBblLUGHMM  OUJM6oK  MBMGpGHMM  Hap 
sapaHHOM  TOHHOCTbK)  ynpaBAGHMB  Yo/Ty  «  3. ..5,  Moryr  6biTb  o6ecneHeHbi 
npMGMneMbie  epeMGHHbie  m  TOHHOCTHbie  xapaKrepucTMKM  npopecca. 
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Perspectives  of  increase  of  accuracy  of  the  automatic  control 
unit  of  management  a  position  smaSi  spacecraft  in  space 


V.  Ivanov 
CNllMash 

141 ,070.  The  queens,  Moscow  area 
Street.  Pioneer,  4 
The  fax:  (095)  513-4393 


The  new  capabilities  of  a  process  engineering  of  a  microminiaturization 
expand  areas  of  commercial  use  of  sma!!  spacecraft  (SSC)  with  high-precision 
orientation.  The  base  module  for  such  SSC  is  the  platform  with  a  miniature  control 
system  of  optimurn  correction  arid  piecisiouiy  stabilization  of  a  position  in  space. 

Dynamic  propert.ies  SSG,  modern  of  the  characteristic  of  miriiature  inertial 
and  optical  attitude  control  sensors,  pulse  redundancy  of  the  power  plant  and  the 
traditional  methods  of  a  construction  of  the  automatic  control  unit  of  management 
cannot  ensure  simultaneously  required  of  response  and  accuracy.  The  theory  of 
synthesis  of  op'timurn  automatic  coritro!  units  of  control  high  is  ordinal  for  non¬ 
linear  systems  with  a  load-carrying  redundancy,  at  errors  of  measurements  of 
coordinates  of  above  required  accuracy  of  control,  now  only  begins  to  develop. 

Therefore  in  activity,  for  definition  of  potential  capabilities  of  increase  of 
accuracy  of  the  automatic  controi  unit  of  managemvent,  the  systems  analysis  of  the 
varioLis  individual  solutions  is  i.rsed  and  the  methodical  approach  to  synthesis  of 
the  complex  control  algorithm  because  of  .some,  entered  logic  heuristic  is 
developed. 

The  problem  of  synthesis  of  the  automatic  control  unit  is,  that  at  complex 
use  of  the  solutions  of  individual  problems  and  heuristic  to  receive  the  specific 
characteristics  of  accuracy  of  mission  control  of  the  vehicle,  by  coordinating  them 
with  a  load-carrying  redundancy,  required  for  specific  response,  of  a  propulsion 
system,  and  accuracy  of  clefinitiori  of  the  coordinate  information,  i.e.  to  synthesize 
optimum  on  response  and  accuracy  a  system  as  a  whole. 

At  the  given  stage  of  activity  the  following  problems  are  considered: 
t .  Optimal  on  response  arsd  quazioptirnal  on  accuracy  controi  procedure  SSC  with 
an  attitude  control  mode  and  stabilization  at  a  pulse  redundancy  of  crafts: 

2.  Process  of  optimum  control  SSC,  —  as  system  with  a  pole  of  the  second  order 
and  automatic  control  unit  of  management  with  zero  of  the  second  order; 

3.  Paths  of  increase  of  accuracy  of  stabilization  at  errors  of  measurements  with 
use  of  the  a  priori  solution  of  indicated  above  problems; 

4.  Synthesis  complex  two-procedure  of  the  control  algorithm. 

In  an  outcome  of  the  analysis  the  practical  realizability  of  the  given 
complex  algorithm  is  shown.  At  a  level  of  a  load-carrying  pulse  redundancy  Mi^Mc 
«  50...  100,  and  excess  of  errors  of  measurements  above  specific  accuracy  of 
control  Yo/Ac  ^3...  5,  can  be  supplied  acceptable  temporary  and  accuracy  of  the 
characteristic  of  process. 
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EopTOBbie  HHIl})OpIViaipOHHO~BblHHCJSHTeJ1bHbie  HHCTpyiVieHTaJIbHbie  CpCACTBa 
MajioraSapuTHbix  cnyTHHKOB,  o6ecneHHBaioii;HX  npoBe^eHue  KOMnjieKCHbix 
aBTOAiaTHSHpoBaHHbix  3KcnepH!vieHTOB  Tuna  ’’Topnaflo". 


B.B.Hocmkob,  KD.E.JIeBHixKHH 

I^HHHMam 

141070,  r.KopojieB  MocKOBCKaa  o6.fiacTb, 
yji.  nHOHepcKaH,4 
OaKc:  (095)  513-41-27 

Ha  CGBpeMCHHOM  axane  pasBHXHa  OopxoBbix  paflHoajieicrpoHHbix  chcxcm 
Majiora6apHXHBix  KA  noBbiCHJiacb  aKxyajibHocxb  npoOjieMbi  nojiyncHHa  h  HaKonjieHwa 
3KcnepHMeHxajibHbix  /];aHHbix  no  HajxejKHocxH,  cxohkocxh  h  oSecneMenHio  HcwBynecxH  b 
ycjiOBHBX  KOCMHnecKoro  npocipancTBa,  kbk  SopxoBbix  chcxcm  b  pcjiom,  xaK  h  hx 
OXflCJIbHblX  KOMnOHCHX  (  pajIHOOJICKTpOHHblX:  aJICMCHXOB,  yS-XOB,  6j10K0B,  XpaKXOB  H  x.n.). 

CjioxcHocxb  pemcHHa  axofi  npoOjiCMbi  saKjnonaexca  b  Heo6xo;^HMOcxH  onepaxHBHoro 
nojiyqcHHH  MHoroKaHaxbHoii  HSMepHxcjibHOH  h  BpyroH  flHarnocxHMecKOH  HH(^opMaBHH  c 
MHOJKCCXBa  KOHXpOnHpyCMblX  OopXOBbIX  oObCKXOB  B  BCKXOpHOM  BH^i;e.  npH  3XOM 
COXpaHHCXCH  BOSMOHCHOCXb  BOCCXaHOBJICHHH  HB  npHCMHblX  CXaHBHHX  flHHaMHKH  COObIXHH, 
npoHcxoflaiBHX  b  HCCjie^ycMOM  SopxoBofi  paaHoojicKXpoHHOH  annapaxype  noA 
BOSACHCTEHCM  MHOXCCCXBa  (|)aKTOpOB  KOCMHBCCKOrO  HpOCXpaHCTBa  B  HSMCHaiOmHXCa 
ycjiOBHBX  aKcnjiyaxapHii  KA  h  ero  6opTOBbix  chcxcm. 

3XHX  pcjiCH  B  HacTOBiBcc  BpCMS  paspaOaxbiBaexca  nporpaMMa  KOMnJicKCHbix 
asTOMaxHSHpoBaHHbix  HaxypHbix  SKcnepHMcnxoB  noA  o6iahm  nasBaHHCM  "TopHaAo”. 

VcncxH  npOBCACHHa  naxypHbix  aiccncpHMCHXOB  XHna  "TopnaAo"  bo  mhoxom  saBHcax  ox 
B03M05KH0CXCH  COSAaHHa  BbIC0K03(J)4)CKXHBHbIX  OopXOBbIX  HH^OpMaAHOHHO- 
BbiqHCBHXCAbHfalX  HHCXpyMCHXaBbHblX  CpCACXB,  CnOCOOHbIX  yAOBACXBOpHXb  acecxKHM 
ycaoBKHM  pasMciACHHa  h  SKcnayaxauHH  na  6opxy  MajioraOapnxHbix  cnyrHHKOB  hoboxo 
noKOJiCHHa,  npH  bmcokhx  xpeOoBanHax  k  ^ynKpuoHaabHOH  nacbimcHHOCxH  h 
HH^JOpMaXHBHOCXH  pClIiaCMblX  HB  Oopxy  SBABH. 

B  KaneCTBC  OCHOBBI  am  nOCXpOCUHa  Gopxosbix  HH^'OpManHOHHO-BblHMCaHXCJlbHblX 
HHCxpyMCHxajibHbix  cpcACXB  ManoraSapHXHbix  cnyxHHKOs,  o6ccncqHBaK)iii;HX  npOBCACHHC 
KOMnaCKCHbIX  aBXOMaXHSHpOBBHHblX  3KCnCpHMCHXOB  XHHB  "XopHaAO"  MOXCCX  6bIXb 
HciioabsoBaH  yHH(J)HAHpoBaHHbiH  MaaoraOapHXHbiH  aAanxHBHbiH  OopxoBOH  MOAyab  ajis 
c6opa  H  npcABapHxeabHOH  oOpaOoxKH  noxoKOB  BCKxopHofi  hh^opmbahh  b  peajibHOM 
MacmxaOe  BpcMCHH,  paapaOoxanHbiH  no  nporpaMMC  HHP  "Cajiiox-2000". 

OcHOBHbiMH  oxBHHHXcabHbiMH  ocoOcHHOcxaMH  AaHHOxo  OopxoBoxo  MOAyaa  aBJiaioxca 

cacAyiomHe  4jyHKAHOHajibHbre  bosmoxchocxh: 

-  BBXOMaXHHCCKOe  ^OpMHpOBaHHC  CBOACHblX  npOXpaMM  MHOrOKanajIbHblX  HSMCpCHHH  B 
BAanxHBHOM  pcacHMc  (aAanxHBHyio  AHCKpcxHsapHio  h  KOMMyxanHio)  b  aaBHCHMocxH  ox 
HSMcnaiomHxca  ycAOBHH  4)yHKAHOHHpoBaHHa  HCCACAycMbix  oOickxob; 

-  cymecxBCHHoe  coKpaincHHC  hsObixoahocxh  coOnpacMbix  noxoKOB  Aannbix  npH 
coxpancHHH  BCKxopHoro  npCACxaBACHHa  HSMcpHxcabHofi  H  ynpaBaaiomcH  HH^opMapHn  kbk 
na  6opxy  cnyxHHKa,  xbk  h  na  npHCMHbix  nynxxax; 
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-  COBMeCTHMOCTt  C  paSJIHHHbIMH  HO  HpOnyCKHOH  CnOCoSnOCTH  aCHHXpOHHbIMH  H 
CHHxpoHHbiMH  KaHajiaMH  nepe^aHH  ^aHHMx  cnyxHHKOBOH  pa^HOCBasH; 

-  cnoco6HOCTb  a^anxHBHO  Menaxb  ypoBHH  npnopHxexHOCXH  b  nporpaMMax 
MHoroKaHajibHbix  HSMepeHHH  na  6opxy  cnyxHHKa  b  ycjioBHax  Ae4)HpHxa  o6'beMOB 
onepaxHBHoii  naMaxH  6opxoBbix  Bbi'iHC.jiHxejibHbix  chcxcm  h  nponycKHOH  cnoco6HOCxH 
KanajiDB  cnyxHHKOBofi  CBasw; 

-  cnoco6Hocxb  no^mepacHBaxb  peajiHsapHio  MHoacecxBa  (J)yHKpHOHajibHbix  sa^aa 
noKajibHbix  KOHxypoB  aBxoHOMHoro  ynpaBJicHHa,  KOHXpojia  h  B,HarHOCxHKH  b  HHxepecax 
aBXOMaxHSHpoBaHHbix  SKcnepHMeHxajibHbix  HCCJieflOBanHH  paflMoajieKxpoHHOH  annapaxypbi 
Ha  6opxy  MajioraGapHXHoro  cnyxHHxa; 

-  coBMecxHMOCxb  c  pasjiHHHOH  AaxHHKOBOH  annapaxypoH,  oxpaa^aioipeH  xexymee 
cocxoaHHC  ^)aKXopoB  B03fleHCXE!Ha  KOCMHHecKoro  npocipaHCXBa  b  peajibHOM  Macmxa6e 
BpeMeHH; 

-  BCXpoeHHaa  CHCxeivia  AnarnocxHKH  h  o6ecne‘ieHHa  acHBynecxH; 

-  4>opMHpoBaHHe  Ha  6opxy  cnyxHHxa  cjiy^eGnoH  HH^JopMapHu,  o6ecneHHBaK)ipeH 
a^^CKXHBHoe  BoccxaHOBJieHHe  hoxokob  cacaxbix  /!i,aHHbix  aa  npHeMHbix  nyHKxax  b 
BexxopHOM  BH;i;e  c  yxasaHHeM  xexymHX  rapanxHH  Ha  ^ocxoBepHOCXb  npe^cxaBJieHHa 
BOCCXaHOBJICHHOH  HSMCpHXeJIbHOH  HH^OpMapHH; 

-  4>opMHpOBaHHe  flonojiHHxejibHbix  HH(|)opMapHOHHbix  xanajioB  fljia  BHpxyajibHbix 
flaxHHXOB,  oGpasyiomHX  BxopHHHyio  cencopHyx)  CHCxeMy  na  6opxy  cnyxHHxa  b  HHxepecax 
ynpaBJieHHa  aBxoMaxH3HpOBaHHbiMH  axcnepuMeHxaMH  b  ycjioBnax  xocMHHecxoro  nojiexa; 

-  KOMHJiexcHpoBaHHe  HecxonbXHx  6opxoBbix  MOflyjieM  wieac^y  co6oh  jpia  oSpasoBaHHa 
CJIOaCHbIX  HCpapXHHeCXHX  cxpyxxyp  HH4)OpMaU,HOHHO-BbIHHCJIHXeJIbHbIX  HHCXpyMCHXaJIbHblX 

cpe^cxB  no^i;  sa^aHHue  ycjiOBHa  4>yHKPHOHHpoBaHHa  h  npHopHxexbi  nporpaMMbi 
3xcnepHMeHxajibHbix  HCCjie/];oBaHHH. 

HcnojibsoBaHHe  yxasaHHbix  bosmoxchocxch  yHH^JHpHpoBaHHoro  Majiora6apHXHoro 
a^anxHBHoro  6opxoBoro  MO/];yira  no3BOJiaex  cxpoHXb  rH6xHe  b  (|)yHxpHOHajibHOM  cmbicjib 
HH(|)opMapHOHHO-BbiHHCjiHxej£bHbie  HHCxpyMCHxajibHbie  cpe^cxEa  MajioraSapHXHbix 
cnyxHHxoB,  oSecneHiiBaioinHx  npOBe^CHHe  xoMnnexcHbix  aBXOMaxH3HpOBaHHbix 
axcnepHMenxoB  xHiia  "Topnaj^o"  npn  He^^ocxaxxe  anpHopHoii  HHcJjopMaunH  o  peajibHOM 
xapaxxepe  BOSfleficxBHa  MHO>KecxBa  4>axxopoB  xocMHaecxoxo  npocxpancxBa  h  peaxHHH  na 
HHX  HCCJiCflyeMOH  6opxoBOH  paaHOBjiexTpoHHOH  annapaxypbi. 

B  nacxoaipee  BpeMH  paapaSoxxa  yHH4)HUHpoBaHHoro  Majiora6apHXHoro  a;i;anxHBHOro 
6opxoBoro  Mojiyra  c6opa  h  npeflBapnxejibHon  o6pa6oxxH  noxoxoB  BexxopHofi 
HH^opMauHH  HaxoAHXca  Ha  axane  axcnepHMeHxajibnon  oxpa6oxKH  ^yaxpHonajibHoro 
Maxexa  b  cocxaBe  cnepHajinsHpoBaHHoro  cxen^a,  BOcnpoH3BOji;amero  ycjioBna  nojiexa 
paflMoajiexTpoHHOM  annapaxypbi  na  6opxy  Majiora6apHXHoro  cnyxHHxa  Mexo^aMH 
HMHXapHOHHOrO  MOfl,eJIHpOBaHHa. 
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Onboard  information-computing  tools  of  small-sized  satellites  ensuring 
realization  of  complex  automated  experiments  of  “Tornado”  type 

The  authors:  V.B.Nosikov,  Yu.E.Levitskiy 

Address:  TsNIImash,  141070,  Korolyov, 

The  Moscow  area,  Pionerskaya  st.,  4 

The  fax:  (095)  513-41-27 

At  the  present  stage  of  small-sized  space  vehicle  onboard  radioelectronic  systems 
developments  the  urgency  of  a  problem  of  obtaining  and  accumulation  of  experimental  data 
on  reliability,  stability  and  maintenance  of  survival  in  space  environments,  both  onboard 
systems  as  a  whole,  and  their  separate  a  component  (radioelectronic  elements,  units,  blocks, 
channels  etc.)  was  increased. 

The  complexity  of  the  solution  of  this  problem  consists  of  necessity  of  operating 
obtaining  of  multichannel  measuring  and  other  diagnostic  information  from  a  set  of 
inspected  onboard  objects  in  a  vectorial  kind.  Thus  the  capability  of  recovery  on  receiving 
stations  of  dynamics  of  events  happening  in  a  researched  onboard  radioelectronic  equipment 
under  effect  of  the  deep  space  factors  set  in  the  changed  conditions  of  space  vehicle  and  it 
of  onboard  systems  operation  is  saved. 

The  program  of  complex  automated  full-scale  experiments  under  a  general  title 
"Tornado"  is  now  developed  for  these  purposes. 

The  successes  of  realization  of  full-scale  experiments  of  “Tornado"  type  in  many 
respects  depend  on  capabilities  of  creation  of  highly  effective  onboard  information¬ 
computing  tools  which  are  capable  to  satisfy  to  severe  constraints  of  arrangement  and 
operation  onboard  small-sized  satellites  of  a  new  generation,  at  the  high  requirements  to  a 
fiinctional  saturation  and  selfdescriptiveness  solved  onboard  problems. 

As  a  fimdamentals  for  construction  of  onboard  informattion-computing  tools  of  small¬ 
sized  satellites  ensuring  realization  of  complex  automated  experiments  of  "Tornado"  type 
the  unified  small-sized  adaptive  onboard  module  for  the  real-time  collecting  and 
preprocessing  of  the  vectorial  information  flows  developed  on  the  scientific-  research 
program  "Salyut-2000"  can  be  used. 

Main  distinctive  features  of  the  onboard  module  are  the  following  functionalities: 

-  Automatic  formation  of  the  complex  programs  of  multichannel  measurements  in  an 
adaptive  mode  (adaptive  discretization  and  switching  depending  on  changed  conditions  of 
researched  object  operation); 

-  Essential  reduction  of  redundancy  of  collected  data  flows  at  preservation  of  vectorial 
submission  of  the  measuring  and  control  information  both  onboard  a  satellite,  and  on 
receiving  stations; 

-  Compatibility  with  various  on  throughput  the  asynchronous  and  synchronous  data 
links  of  satellite  radio  communication; 

-  Ability  to  adaptively  change  levels  of  priority  in  the  multichannel  measurements 
programs  onboard  a  satellite  in  conditions  of  a  deficit  of  the  main  memory  volumes  of 
onboard  computing  systems  and  throughput  of  satellite  communication  channels; 

-  Ability  to  support  realization  of  a  set  of  functional  problems  of  local  outlines  of 
autonomous  control,  checking  and  diagnostics  in  interests  of  automated  experimental 
researches  of  a  radioelectronic  equipment  onboard  a  small-sized  satellite; 
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-  Compatibility  with  various  sensors  reflecting  a  current  condition  of  deep  space  effect 

factors  in  real-time  scale;  f 

-  Built-in  system  of  diagnostics  and  maintenance  of  sun/ival; 

-  Formation  onboard  a  satellite  of  the  control  footing  ensuring  effective  recovery  of 
oblate  data  flows  on  receiwng  stations  in  a  vectorial  kind  wi  th  the  indication  of  the  current 
warranties  for  reliability  of  submission  of  the  restored  measuring  information; 

-  Formation  of  additional  information  channels  for  virtual  sensors  forming  a 
secondary  sensory  system  onboard  a  satellite  in  interests  of  management  by  automated 
experiments  in  space  flight  conditions; 

-  Integration  of  several  onboard  modules  among  themselves  for  formation  of  complex 
outlines  of  information-computing  tools  under  specific  conditions  of  operation  and  priorities 
of  the  experimental  research  program  . 

The  use  of  the  indicated  capabilities  of  a  unified  small-sized  adaptive  onboard  module 
allows  to  build  flexible  in  a  functional  sense  information-computing  tools  of  small-sized 
satellites  ensuring  realization  of  complex  automated  experiments  of  "Tornado"  type  at  defect 
of  the  a  priori  information  on  actual  character  of  deep  space  factor  set  effect  and  a  response 
on  them,  of  a  researched  onboard  radioelectronic  equipment. 

Now  development  of  a  unified  small-sized  adaptive  onboard  module  for  the  real-time 
collecting  and  preprocessing  of  the  vectorial  information  flows  is  at  a  stage  of  experimental 
improvement  of  a  functional  prototype  in  a  structure  of  a  specialized  bench  reproducing 
conditions  of  radioelectronic  equipment  operation  onboard  a  small-sized  satellite  by 
methods  of  a  simulation  modeling 
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npeflJIOJKCHa  CHCTCMa  KOHTPOJTH  OpHCHTaLtHH  OTHOCHTCJIbHO  BCKTOpa 
CKOpOCTH  flJIH  KA,  CTaGnjIHSHpOBaHHblX  BpaipCHHCM,  OCHOBaHHaa  Ha 
HSMCpCHHH  riapaMCTpOB  nOBCpXHOCTHblX  OJlCKTpHHCCKHX  HOJICH, 


nojiCT  KA,  CTa6HjiH3HpoBaHHbix  BpamcHHCM,  npoHcxoAHT,  KaK  npaBHJio,  B  fluanasoHc 
BbicoT  200-1000  KM.  B  3TOM  flHana30He  bbicot  pacnojioxccHa  ocHOBHaa  nacTb  HOHOc4)epbi  Scmjih. 
ripH  ABH>KeHHH  KA  B  HOHOC(|)epHOH  lUiaSMC  Ha  ero  nOBCpXHOCTH  B03HHKaK)T  ajlCKTpHHeCKHe 
nojia,  o6yc.iiOBjieHHbie  BBaHMOACHCTSHCM  noBcpxHOCTH  annapaTa  c  OKpyjKaiomcH  njiaaMoii. 
PacnpejicjicHHc  Hanpa»:eHHOCTH  ajiCKTpHHCCKHx  hojich,  b  3tom  cayHae,  Ha  noBcpxHOCTu  KA 
HcpaBHOMcpHo  .  MaKCHMaabHaa  HanpaaccHHocTb  sacKTpHHCCKHx  noacH  hmcct  mccto  na  TbiabHoii 
no  OTHOUICHHK)  K  BCKTOpy  CKOpOCTH  HOBCpXHOCTH  KA,  MHHHMaabHaa  -  Ha  aoGOBOH, 
npoMOKyTOHHbie  BHancHHa  hmciot  mccto  Ha  Gokobhx  noBcpxHOCTax^.  TaKOC  pacnpcaeacHnc 
HanpaaccHHocTH  sacKTpHHccKHx  noacH  no3BoaacT  HcnoabsosaTb  3to  aBacHHc  .aaa  nocTpocHna 
MaaoraGapHTHOH  CHCTCMbi  KOHTpoaa  napaMCTpoB  BpaipcHHa  h  opHCHTaiiHH  oTHOCHTcabHO 
BCKTopa  CKopocTH  Maabix  KA.  KoHTpoab  3THX  napaMcrpoB  moxcct  6biTb  hcoGxoahmwm  kbk 
a;aa  anaaHaa  4>yHKpHOHHpoBaHHa  caMoro  KA,  Tax  h  Tiaa  anaaica  xanccTBa  4>yHKqHOHHpoBaHHa 
ero  GopTOBbix  chctcm,  nanpHMCp,  paAHOCHCTCM. 

ripH  nOCTpOCHHH  CHCTCM  KOHTpOaa  OpHCHTaUHH  KA  Ha  OCHOBC  HSMCpCHHa  HapaMCTpOB 
noBcpxHOCTHbix  oacKTpHHCCKHx  HoacH  flaTHHKH  oacKTpHHCCKoro  Hoaa  pacnoaaraiOTca  na  auHnax 
cro  OCHOBHbIX  OCCH.  IIpH  HCHOabSOBaHHH  HHTCPpHpOBaHHOrO  HCTOHHHKa  HHTaHHa  KA  BCC 
npcjiaaracMOH  chctcmu  hc  Gy^eT  npcBbimaTb  1 00  r. 
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measurements  of  parameters  of  surface  electrical  fields  the  sensors  of  an  electrical  field  place 
on  lines  it  of  maiiii(basic)  axes(axes).  At  use  of  the  integrated  power  source  space  vehicle,  the 
weight  of  an  offered  system  will  not  exceed  100. 
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EecKPHTaKTHaa  CHCxcMa  jjiii  kohtdojih 
aBHrarejieH  ODHCHTauMH  MajiMx  KA 


H.riymKHH 

HTIO  HsMepHTCJlbHOH  TeXHHKH 
141070,  r.  KopojieB,  MocKOBCKaa  o6jiacTb 
yji.  IlHOHepCKaa,  2 
<DaKc:  (095)  516  8517 
Tea. (095)  513  1247, (095)  513  1460 

npeaaoKena  CHCxeMa  KOHxpoaa  4)yHKUHOHHpoBaHHH  aBHraxeaefi 

opHeHxauHH  KA,  ocnoBaHHaa  na  HSMepeHHH  noBepxHOCxHwx 

aaeKxpHHecKHx  Man  MarHHXHbix  noaeft  MT. 

ra6apHXHbie  paaiviepbi  aBiiraxeaeM  opHenxauHH  Maabix  KA,  Hcxoan  H3  oGluhx  xpeSoBaniiM, 
HeSoabuiHe  -  nopaaKa  aecaxKOB  MHaaHMexpoB.  DpH  xaxHX  pa3Mepax  npHMeHeHHe  xpaanunoHUbix 
CHTHaaMsaTopoB  aaBaenHa,  Hcnoabsyewbix  oGhhho  b  acHaxocxHbix  peaKXHBHbix  aBHraxejiax 
MaaoH  xarH  (^Pfl  MT),  HenpucMaeMO.  Hx  raSapHXbi  Moryx  npeBbimarb  pasMepbi  caivKiro 
aBHraxeaa.  KpoMe  xoro,  BBeacHne  b  xaMepy  cropaHHa  aBHrareaa  aonoaHHxeabHbix  noaocTcii 
yxyamaex  xapaxxepHCXHKH  aBHraxeaa,  CHHacaex  hx  HaaexcHOcxb. 

B  o6meM  caynae  Ha  Maawx  KA  Moiyr  ycxaHaBaHBaxbca  h  aBHxaxeaH  opHeHxauHH  apyr  hx 
XHHOB  -  naasMeHHbie ,  BosayuiHbie. 

Pa6oxa  peaxxHBHbix  aBHraxeaeS  conpoBO>Kaaexc5i  paaaHHHbiMH  (|)H3HHecKnMii 
npoueccaMH  -  xenaoBbiMH,  BH6pauHOHHbiMH,  a  xaKxce  3aeKxpo(|)H3HHecKHMH  npoueccaMH  - 
B03HHKHOBeHHeM  BaeKxpHHCCKHx  3apaaoB,  noaeft  h  xokob 

Kax  noKasaaH  npeaBapHxeabHbie  paGoxbi,  yHHBcpcaabHbiM  cnoco6oM  KOHxpoaa 
aBHraxeacH  opHeHxauHH  Maabix  KA  MO>Kex  6bixb  cnoco6,  ocHosaHHbiH  Ha  HSMepeHim 
napaMexpoB  aaexxpHHecKHx  aapaaoB  h  xokob  aBHxaxeaa,  HcxexaioiaHx  c  peaicruBHOH  cxpycH. 
ripHHeM  aaa  kocmhhcckhx  ycaoBHH  xaicne  xokh  hmciox  mccxo  npH  pa6oxe  aBHraxeaen  aioGoro 
xHna  -  !^CP)1,  MT,  naaaMeHHbix,  BosayuiHbix.  HsMepeHne  3apaaoB  h  xokob  BbiHoca  Han6oaee 
ueaecooGpasHo  BbinoaHHXb  na  ochobc  HSMcpenHa  napaMexpoB  nepcMeHHbix  aaeicrpHHecKHX  hjih 
MaxHHXHbix  noaeii  hmh  BbBbiBaeMbix. 

OqeHKH  H  pesyabxaxbi  npeaBapHxeabHbix  cxenaoBbix  HcnbixaHHH  nosBoaaiox  saxaiOHHXb 
Hxo  aaxMHKH  noBepxHOcxHoro  .  noaa  npH  3xom  aoaacHbi  HMexb  HacxoxHbiil  aHana30H 

ao  10  kTh.  B  3aBHCHMOcxH  ox  XHna  aBijraxeaa  aaxHHKH  3aeKxpHHecKoro  nan  MaxHHXHoro  noaefi 
Moryx  6bixb  pasaHHHOH  KOHCxpyKUHH,  OaHaxo  no  ra6apHXHbiM  pa3MepaM  ohh  cooxBexcxByior 
raGapwxaM  MHKpoaBHxaxeaen  opneHxaqHH.  06iaHH  Bee  H3MepHxeabHoro  xanaaa  na  oanH 
aBHxaxeab,  b  sxom  caynae,  Moacex  ne  npeBbimaxb  50-70  r. 
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H.HyniKHH 


I 


Hcnojifc30BaHHe  npHHipma  ^yHKii,HOHajibHOH  BaaHMocBaaaHHocTH 
4>a30BMX  KoopflHHaT  o6'beK]ra  Hccjie^toBaHHH  h  HeaaBHCHMOcxH 
BbIXOfla  H3  CTpOjI  H3MepHTejIbHbIX  3JieMeHTOB 

r.M.CyxoB,  C.r.CyxoB 

rocyzi,apcTBeHHbiH  KocMHqecKHH  HayqHO-npoH3BO^i;cTBeHHbm  I^emp 

HM.M.B.XpymweBa 
rKHim  HM.  M.B.XpyHHHesa 
121087,  Mockbe,  yji.  HoBOsaso/^CKaa,  18 
Teji.:  142-59-21;  c^aKc:  956-2441 


npH  nporH03HpOBaHHH  COCTOHHHH  CJIOXMblX  XeXHHHeCKHX  CHCXeM, 
Koxfla  Hcnojib3yK)XCii  napaMexpw  paajiirxHOH  (J)H3H’iecKOH  npHpo;i;bi,  noKa 
He  npe^cxaBJiiiexca  BOiMrambiM  HMexb  H3MepHxejibHbie  ajieMenx  (H3)  bw- 
coKOH  cxeneHH  Ha^texcHocxH,  yaoBjiexBopiiiomHe  bccm  HeoSxoOTMbiM  xpe6o- 
BaHHHM.  3x0  MO]Kex  npHBOflHXb,  HanpHMep,  K  He  Bbiflane  fleHcxBHxejibHbix 
CHTHajIOB  O  COCXOaHHH  o6beKXOB  KOHXpOJlB  (OK)  npH  ero  HeHCUpaBHOCXH  H 
BbiflaB^e  jioxcHbix  CHXHajioB  onacHocxH  npH  HOpMajibHOH  paSoxe  OK. 

CneHH(J)HHecKHe  oco6eHHOCXH  pafla  xexHHHecKHX  CHCxeM,  orpaHHrae- 
HHa  Ha  ycjioBna  npoBe;neHHa  HcnbixaHHH,  a  xaoce  xpeSoBaHHa,  npe^biiB- 
jiaeMbie  K  KanecTBy  hx  npoBe;i;eHHa,  noasojiarox  BbiflejiHXb  nasBaHHoe  na- 
npaBjieHHe  paOoxbi  b  caMocxoaxejibHyio  npoSjieMy  HccjieB;oBaHHH,  pemeHHe 
KoxopoH  floaxcHO  ocHOBbiBaxbca  Ha  4)yHB;aMeHxajibHbix  HayaHbix  nojioxce- 
HHflx,  cBaaaHHbix  c  xeopneH  chcxcm,  xeopHeH  Ha^excHocxH  h  flpyxHMH 
ocHOBonojiaraiontHMH  xeopHHMH  paapaOoxKH  xexHiaqecKHX  cHcxeM.  npH- 
aeM,  BaxcHeinuHMH  cjie;i^^ex  canxaxb  nojioxceHHH  o  cxpyKxype,  jioxHaecKOH 
opraHHsaHHH,  Mexo^tax  h  cpe^icxBax  (|)opMHpoBaHHH  CHCxeMW,  Koxopbie 
cjieflyex  HcnojibsoBaxb  fljia  pemeHHii  yKaaaHHOH  npoOjieMbi,  ocoOeHHO  b 
oOjiacxH  aBxoMaTH3HpoBaHHoro  KOHxpojia  H  HcnbixaHHii  cjioacHbix  xexHBrae- 
CKHX  cHcxeM,  npHHeM  B  yKasaHHOH  oOjiacxH  flocxHXHyxbi  sHaaHxejibHbie 
ycnexH  [1,  2,  3  h  flp.]. 

OaHEKO,  oObiHHMe  cnoco(5bi  peaepBHpoBaHHH,  BKJHOHaa  h  MaxcopHxap- 
Hbie  cxeMbi  KOHxpojw,  He  pemaa,  HanpHMep,  BonpocoB  HeBbiflaan  jioxcHbix 
cHraajioB  o  HeHcnpaBHOcxH  KOHXpojiHpyeMOH  cHcxeMbi,  oco6eHHo  npH  ne- 
oOxojqiMocxH  yBeaHaemia  ancjia  KOHxpoanpyeMbix  napaMexpoB,  peaKo 
ycaoxcHaiox  cHcxeMbi  KOHxpojia  (CK),  axo  npHBOffHX  k  BOBpacxaHHio  hx 
Beca,  cxoHMOcxH,  noipeOjiaeMOH  moihhocxh,  nponopHHOHajibHO  HHCJiy  ee 
sjieMeHXOB. 

nonxoff  K  pemeHHio  paccMaxpHBaeMOH  npoSaeMbi  BH^en  b  Hcnojibso- 
BEHHH  caMonpoBepaeMbix  cpe,n;cTB  4>yHKHHOHajibHoro  flHaraocxHpoBaHHa, 
x.e.  6e3  npoBeB;eHHa  cnenHajibHbix  xecxoB  hjih  HMHxaitHH  HencnpaBHbix  co- 
cxoaHHH,  axo  no3Boaaex  H36excaxb  flHaraocxHaecKoro  nporpaMMHoro  o6ec- 
neaeHHa,  cBaaaHHoro  c  opraHHaaLiHeH  npepbiBEHHH  noflaan  xecxoBbix 
B03fleHcxBHH  H  aHajiH3a  peayjibxaxoB  KOHXpojia.  t(ejiecoo6pa3Ho  Hcnoabao- 
BEXb  onwx,  HaKomieHHbiH  b  peayabxaxe  (J)yHflaMeHxajibHbix  Hccjie^oBaHHH 


r.CyxoB 


no  TCMaTHKe  caMonpoBepMeMbK  ycxpoHCTB  h  oxKaaoB  ycTOHHHBWX  cHcxeM, 
a  xaoK:e  ontix,  nojiyneHHLin  npu  anaJiHse  oxKasoycxoHHHBMX  cxp3^xyp  n 
CHCXeM. 

XlpeflitaraeMibiH  noflxofl  k  pemenmo  nocxaBjieHHOH  aa^ianii  ocHOBan  na 
B3aHMOCBiI3aHHOCXH  HaH6ojiee  nyBCXBHXejIbHLIX  K  H3MeHeHHIO  COCXOaHHH 
oSbeKxa  napaMexpoB  KOHxpojiH  h  ynexe  HcsaBHCHMocxH  BBixo^a  h3  cxpoH 
H3-flaxHHKOB  OK.  Mexofl  KOHXpojia  npe^nojiaraex  B03MO}KHocxb  MaxeMa- 
xiwecKoro  onHcaeiia  OK.  Flo  cBoen  cymnocxH  oh  6jih3ok  k  peaepBHpoBa- 
HHK)  c  ^ipoSnoH  KpaxHocxbK)  {4},  HO  oxjiHHaexcH  ox  HocjieaHero  6ojiee  iuh- 
poKOH  o6jiacxbK)  npHMeHeHjm  h  cocxohx  b  xom,  nxo  na  ocHOBaHHH  MaxeMa- 
xnraecKoro  onucaHna  OK  cxponxcBi  MaxeMaxunecKaa  MOflejib,  Bbixo^Hwe 
napaMexpbi  KoxopoH  paBHbi  jihhchhoh  KOMGHHaHHH  BbixoflHbix  nepeMeH- 
Hbix  OK.  yKaxaHHbie  paneHCXEa  Moxmo  HcnojibsoBaxb  ana  HenpepwBHoro 
KOHXpojia  3a  paSoxoH  OK  h  fljia  nojiyneHna  HH(i)OpMaHHH  o  Mecxe  h  bcjih- 
MHHe  ouih6ok,  x.e.  3a  cnex  HxSbixonHocxH  BxaHMocBaxaHHbix  Mexc^y  co6oh 
napaMexpoB  KOHXpojia,  b  npon;ecce  HcnbixaHHH  HMeexca  bosmoxchocxb  no 
pexyjibxaxaM  H3MepeHHH  HaB;ex<nio  BbmBjiaxb  cocxoanne  o6beKxa  Hccaeflo- 
BaHHii  iipn  Hcnojib30BaHHH  cpaBHHxejibHo  MajioHaflexcHbix  M3.  PaapaSo- 
xaHHbiH  Mexo^^  KOHxpojia  no3BOJTaex  paajiiwaxb:  HopMajibHoe  cocxoaHHe 
OK,  HencnpaBHoe  cocxoanne  H3,  name  Bcero  BcxpoeHHbix  b  OK,  h  nenc- 
npaBHoe  cocxoanne  CK.  MpuHeM  bosmoxchw  cjiynan,  Koraa  npn  ox- 
cyxcxBHH  cHFHajra  Ha  Bxo^e  H3  HMeexca  HajiHHHe  cumajia  na  Bwxofle  M3 
H,  Hao6opox,  npn  HajiimHH  cHXHajia  na  Bxo/i;e  M3  oxcyxcxByex  cHraaji  na 
ero  Bbixofle. 

B  nejioM  MoxcHo  aaKjiioHHXb,  nxo  HcnojibsoBaHMe  yKaaaHHbiM  o6pa30M 
npHHHHna  (J)yHKnHOHajibHOH  BsaHMOCBaaaHHOcxH  4)a30Bbix  KoopflHHax  o6b- 
eKxa  HccjieflOBaHHH  h  HeaaBHCHMOcxH  Bbixofla  H3  cxpon  H3MepHxejibHbix 
sjieMeHxoB,  no3Bojiaex  opeHHXb  nanSojiee  pacnpocxpanenHwe  cjiynan  oxKa- 
3a  cHcxeM  “06'beKX  KOHxpojia  Mo^ejib  o&beKxa  KOHxpojia”  h  na  hobom  Ka- 
necxBeHHOM  ypoBHe  cxponxb  cxeMbi  KOHxpojia  o6T>eKXOB  ncnbixaHHH  c  no- 
BbinieHHOH  cxeneHbio  na^iexcHocxH. 


r.CyxoB 


MH4)opMaii;HOHHo-ynpaBJi3iioiii;HH  komiuickc  jojik  MajiLix  KA 

KajiHHHH  IIlHiuaHOB  A.B. 

HHH  TOHHbIX  npH6opOB 
127490,  r.MocKBa,  IOpjiobcbchh  npoesj^,  1 
4)aKc  404-79-66 

AHajiHSHpyioTCH  43yHKii,HH  cpegcTB  aBTOMaTH3HpoBaHHoro  ynpaBJieHHa 
KocMHHecKHMH  annapaxaMH  (KA)  h  cneii,HajibHbix  (ii,ejieBbix)  KOMiuieKcoB 
KocMHHecKHx  cHcxeM  (KC)  H  oGocHOBbiBaexcii  xaKXHKO-xexHuqecKaa  h 
SKOHOMiwecKaa  nejiecooSpasHOcxb  HHxerpaiiHH  (|)yxiKHHH  h  cpe/i;cxB  asxo- 
MaxH3HpoBaHHoro  ynpaBjieHHa  KA  h  cnei],HajibHbix  KOMirieKcoB  KC  boo6- 
me  H  ocoGchho  npx[MeHHxejTbHo  k  MajibiM  KocMHraecKHM  annapaxaM 
(MKA). 

ripH  3XOM  noHHXHte  HHxerpauHH  oxBaxbiBaex: 

-  aOCXHXCCHHe  (J)yHKHMOHajIbHOrO  H  HH4)OpMaLlHOHHOrO  e^HHCXBa 
npoueccoB  xuiaHHpoBaHiM  iiejieBbix  aa/ian  h  peajiHxautHH  sa^a^  aBxoMaxH3H- 
poBaHHoro  ynpaBaeHna  KA.; 

-  opraHHaaiiHOHHoe  h  xexHHHecKoe  oObeaHHCHHe  npoii;ecca  peiueHHH 
3aaaH  KOMaHaHo-nporpaMMHo-KOHxpoabHoro  (KHKO),  HaBHxaEtHOHHo- 
SajiaHcxHaecKoro  (HBO)  h  HH(|)opMaaHOHHO-xejieMexpHHecKoro  oSecneqe- 
HHa  (HTO)  aBXOMaxH3HpoBaHHoro  ynpaBJieHHq  KA; 

-  MHoro(J)yHia];HOHajibHocxb  coBMemeHHWX  KOCMHqecKHX  paaHOjiHHHH; 

-  Hcnoab30BaHHe  b  HaaeMHOH  h  OopxoBOH  annapaxype  KA  eaHHbix 
(nojiHocxbKj  HjiH  qacxHHHo)  nporpaMMHO-annapaxHWX  cpeacxB,  oOecneqa- 
BaiomHx  aBXOMaxH3HpoBaHHoe  ynpaBaeHHe  KA  h  nepeaa’^iy  cneiiHajibHOH 
KOCMir^ieCKOH  HH4)OpMaLlHH  B  HenOCpcaCXBeHHOM  H  pexpaHCJiailHOHXIOM 
(qepe3  cnyxHHKH-pexpaHcaaxopbi)  pexcHMax; 

-  xeppHxopHajibHoe  coBMemeHHe  paaHoxexHixqecKHX  h  BbiqHcjiHxeab- 
Hbix  cpeacxB  HaaeMHOH  HH4)pacxpyKxypbi  KC; 

-  yHH4)HKaitHio  nporpaMMHo-annapaxHbix  cpeacxB  aBxoMaxHXHpoBaH- 
Horo  ynpaBJieHnq  KA  h  nepeaaqn  cnei];HajibHOH  KocMHMecKOH  HHcfjopMa- 
UHH  paxjiHqHbix  no  HaaHaqeHHio  KC. 

OOaacxb  nepeceqcHHa  4>yHKHHH  n  cpe^icxB  peajiH3aD;HH  xaaaq  aBxoMa- 
XH3HpoBaHHoro  ynpaBaenna  (AY)  KA  h  cneiinajibHoro  KOMiuieKca  (CK) 
KC  onpeaeaena  KaK  HH4)opMaiiHOHHO-ynpaBJiaioii];HH  KOMnaeKC  (MYK). 

Ilpeaaaraexca  Bapnanx  nocxpoenna  6opxoBoro  HYK  MKA,  b  KoxopoM 
B  KaqecxBe  cMenHon  noaeanon  narpyaKH  MKA  paccMoxpen  MaaoraOapnx- 
HbiH  paanoaoKaxop  c  cHHxeaHpoBaHHCM  anepxypbi. 

HaaeMHbiH  HYK  MKA  npeaaaraexca  b  nepeBosHMO,  aexKo  paasopa- 
qHBaeMOM  HcnoaneHHH. 

ripoBeaena  cpaBHHxeabnaa  omeHKa  cxohmocxh  iKHancHHoro  nnKaa 
npeaaaraeMoro  naaeMHoro  HYK  MKA  h  cymecxByiomHX  cpeacxB  aBxoMa- 
XH3HpoBaHHoro  ynpaBaeHHa  KA  h  noayqcHHH  ijeaeBOH  KocMnqecKon  hh- 
(J)opMaEi,HH,  noaxeepagtaiomaa  SKOHOMHqecKyio  ixeaecooSpaaHocxb  BHeape- 
HHflf  zuia  MKA  HUxerpHpoBaHHoro  HYK. 


A.KaaHHHH 


Information  and  Control  Complex 
for  Small  Spacecraft 

Kalinin  A.F,  Shishanov  A.F., 

Scientific  and  Research  Institute  of  Precise  Instruments 
127490,  Moscow,  Yurlovsky  proezd,  1 
Fax:  404-7966 

Functions  of  spacecraft  (SC)  automated  control  means  an  of  special 
(mission  -  oriented)  complexes  of  systems  (SS)  are  analyzed,  as  well  as 
technical  and  economical  axpediency  of  integration  of  spacecraft  control 
means  and  functions  and  special  complexes  of  space  systems  in  general  and 
those  related  to  small  spececraft  (SSC)  in  particular  is  substantiated. 

Therewith  the  notion  of  integration  envelopes  the  following: 

-  achievement  of  function  and  information  unity  of  mission  task  planning 
and  SC  automated  control  task  implementation  processes; 

-  organization  and  technical  unification  of  the  process  of  solution  of 
command-program  -  control  (CPCS),  navigation  -  ballistics  (NBS)  and 
information  -  telemetry  (ITS)  support  task  for  automated  control; 

-  multifunctionality  of  combined  space  radiolines; 

-  use  in  ground  and  SC  on-board  electronics  of  the  unified  (fully  of  partly) 
hard  and  software  ensuing  SC  automated  control  and  special  spac 
information  transmission  in  direct  or  relay  (via  relay  satelUtes)  modes; 

-  tenitorial  combination  of  radio  technical  and  computational  means  of  SS 
ground  infrastructure; 

-  unification  of  and  software  for  SC  automated  contol  and  special  space 
information  transmission  of  SC  for  various  purposes. 

The  area  of  intersection  between  functions  and  means  for  implementation 
of  tasks  for  SC  automated  control  (AC)  and  special  complex  of  SS  is  defined 
as  information  and  control  complex  (ICC). 

A  version  of  on  -  board  ICC  desigr  for  SSC  is  suggested,  in  which  a 
compact  synthetic  aperture  radar  is  a  replaceable  SSC  payload/ 

Ground  SSC  ICC  is  suggested  as  a  transportable,  easily  deployable  version. 

Comparative  life  -  cycle  cost  estimation  of  the  suggested  ground  SSC  ICC 
and  the  existing  means  for  SC  automated  control  and  obtaining  of  purpose  - 
oriented  space  information,  proving  economical  axpediency  of  integrated 
ICC  for  SSC  implementation,  has  been  performed. 


A.  Kalinin 


riepcncKTHBHaH  fiopTOBaa  aHcprexiiKa  ajis  kocmkhcckom  TexHHK&i 

Akhmob  B.H.,  r'a(|)apoB  A.A.,  TySepTOB  A.M.,  KopHHJioB  B.H.,  npHumeuoB  A.B. 
'WccjieflOBaxejibCKHH  uenTp  hm.  M.B.KenAbima,  r.MocKBa 


Ha  coBpeMeHHOM  axane  pasBHXHB  KOCMHBecKOH  xcxhhkh  HaH6ojiee  nexKO 

o6o3HaMHJIHCfa  flse  OCHOBHbie  XCHfleHUMH,  npHBCAeHHbie  Ha  pHC.  1 : 

-  AajibHeHmee  paciuHpeHHe  4^yHKiJ[HOHajibHbix  BoawoxcHOCxefi  ueneBOH 
annapaxypbi  Ha  sKcnjiyaxHpyeMBix  hjih  foxobbix  k  axcnjiyaxaitHH  xpaAHUHOHHbix  KA 
H,  KaK  cJieflcxBHe,  pocx  mouihocxh,  aneproBOOpyxceKHOCXH  KA  h  cpoKOB  aKXHBHoro 
CymeCXBOBaHHB.  3X0  npUBOflHX  K  He06X0flHM0CXH  yBCJIMHCHHa  moiuhocxh  cojihchhux 
6axapeH,  cmkocxh  HaKonHxeiieM  aneprHH  h  cxHMyJiHpyex  nepexofl  na  6ojiee 
3(^(^eKXHBHbie  XHHbi  cHCxeM  3jrieKxpocHa6)KeHHH  (C3C)  kbk  na  ochobc  yjiyHuieHHOH 
xexHOJiOFHH  M  KOHCxpyKUHH  cymecxBywmHX  cocxasJWiomHx  ee  sjieMeHXOB,  xax  h  Ha 
6a3e  ocBoeHHB  hobhx  xexHOJiorHH  KJiioHeBbix  ajieMCHxoB; 

-  pacuiHpeHHe  Macmxa6oB  HcnojifasoBaHHX  Manbix  KA  hobofo  noKOJicHHa  ajib 
pemeHHH  npHKJtajiHbix  h  HayMHbix  3az!;aH  (b  nepByio  OHepeflb  3xo  CHCxeMbi  rjio6ajifaHOH 
CBSI3H  M  HaSjiioiieHHB  SeMJiH)  Ha  ocHOBe  MHHHaxwpHOH  ueneBOH  annapaxypbi  hobwx 
pa3pa6oxoK,  k  aHcprexHKe  Koxopbix  npenbBBJiBioxcB  noBWUieHHbie  xpe6oBaHHB  no 
yaejibHbiM  3HeproMaccora6apHXHbiM  xapaKxepHCXHxaM  h  ocoSchho  no  pecypcy  (3-10 

-  jiex  naa  hh3ko-  k  cpeAHeop6]nxeabHbix  KA). 

Bee  3X0  cxHMyjiHpyex  pa3pa6oxKy  coaziaHHB  hobhx  xexHoaoxHH  KmoHCBbix 

saeMeHXOB  chcxcm  3aeKxpocHa6>KeHH}!. 

Ha  pnc.l  npHBeaena  HOMeHxaaxypa  ochobhhx  KJiioHeBbix  aaeMeaxoB 
paaaHMHHX  xnnoB  C3C  Kax  ana  coBpeMeHHHX  xpaflHUHOHHHX  KA,  xax  h  wia  MajiHX 
KA  HOBoro  noKoneHHB  oxenecxBeHHOH  h  3apy6e»:HOH  pa3pa6oxKH.  IIoKaBaHO,  nxo 
ocHOBy  C3C  B  3aBHCHM0CXH  ox  epoKOB  aKXHBHOXo  cytuecxBOBaHHB,  ypoBHH  noxpe6HOH 
MOIUHOCXH,  (^laKxopoB  OKpy)KaK)inero  KOCMHuecKoro  npoexpanexsa  h  x.fl.  cocxaBaaiox 
OAHopaioBbie  xHMWuecKHe  hcxohhhkh  xoxa  (ajib  cnycxaeMbix  sohaob  h  KA  c 
orpaHHHeHHHM  pecypcoM),  cojiHeuHbie  6axapeH  h  HaKonHxeaH  SHepxHH  b  nmc 
XHMHHecKHX  aKKyMyHBXopHfaix  6axapeH  (ochobhoh  thh  aHeprexHKH  flJiB  KA),  a  xaicxce 
paflHOH30xonHHe  xepMoaaexxpHMecKHe  reHepaxopbi  xoxa  na  njiyxoHHH-238 
(MOKnnaHexHbie  KA  mn  HccjienoBaHna  oxaajieHHbix  njianex  h  xeji  cojiHenHoii 
CHCxewbi). 

Ha  coBpeMeHHOM  axane  pasBHXHB  oxeuecxBeHHOH  kocmhucckoh  3HeprexHKH 
ocHOBHbiM  xnnoM  C3C  BBJiBexcB  3HeprocHCxeMa  na  ochobc  KpeMHHeBbix  coJiHeMHbix 
eaxapefi  h  axKyMyjiBXopHbix  6axapeH  na  ochobc  ajiexxpoxHMHHecKHX  chcxcm  cepe6po- 
uhhx,  HHxejib-xaflMHH  H  HHKeJib-BOflopon;.  Ha  BbicoKOop6HxajibHbix  KA,  BKjnoMaB 
reocxauHOHapHbie,  b  nocjieflHee  BpeMB  cxajiH  uiHpoxo  HcnojibaoBaxbca  HHxejib- 
BOfloporiHbie  axxyMyjiaxopHbie  GaxapcH,  HMeiomHe  HaH6ojibmHH  pecype  cpejiH 
H3BecxHbix  xnnoB  HaxonHxejicH  3HeprHH. 

CymecxBeHHO  uinpe  HOMeHXJiaxypa  C3C  na  aMepHKEHcxHX  KA.  iIomhmo 
xpaAHHHOHHOH  3HeprexHXH  ujHpoKO  Hcnojibsyioxca  Ha  xpaHcnopxHHX  MHoropaaosbix 
KOpaSjiax  "Cnenc  LUaxxji"  BOflopofl-xHCJiopoAHbie  sjieKXpoxHMHHecKHe  renepaxopbi 
xoxa  M  nm  Hcaaeno Banna  flajibHHX  njiaHei  ^panHOHaoxonHbie  SHeproyexaHOBKH  c 
xepMOjjiexxpHuecKHM  npeo6pa30BaHHeM  aHepniH.  Ochobhoh  xhh  C3C  -  KpeMHHesbie 
cojiHeHHbie  6axapeH  h  HHxejib-BOAopoAHbie  axKyMyjiaxopbi. 
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Ha  ztpyrHX  aapySe^Hbix  KA  ochobhoh  thr  C3C  3T0  TaK>Ke  KpeMHtsesbie 
cojiHCMHbie  daxapeH  h  HHKejib-KaflMHeBibie  akKyMyjiaxopHbie  6aTapeH.  Ha  nocjieAHHX 
MOflH(|)HKauHflx  cBH3Hfaix  reocxauHOHapHbix  ^  HcnojibsyioTca  HHKejib-Boflop6aHbie 

AB.  ^ 

Ha  pafle  oxeHecxBCHHbix  h,  aapySe^Hbix  KA  npHMeHHiox  xaKMce  oojiee  jioporHe, 

HO  34)(|)eKTHBHbie  apccHH/i-raJUiHeBbie  cojiHeHHbie  6axapeH. 

OCHOBOH  6opXOBOH  KOCMHMeCKOH  BHepXeXHKW  flBJMIOXCa  COJIHCMHbie 
3HeproycTaHOBKH  Ha  6a3e  cojiHenHbix  6axapeH  (cojineMUbie  sjteMeHXbi  h3  KpewHHa  h 
apceHHji-rajiJiHH)  h  pasjiHHHbie  XHHbi  aKKyMyjiaxopHbix  6axapeH  (HHKejTb-KaflMHeBbie  h 
HHKejib-BOZiopoxiHbie  aKKyMyjwxopbi  jpia  Bcex  xHnoB  op6HX  h  HaanaHeHHH 

flOJiropecypcHbix  KA).  . 

Ha  pHC.3-5  noKaaaHbi,  b  KanecxBe  npHMepa,  pocx  moiuhocxh  C3C,  ysejiHHeHHe 
cpoKOB  pacMCTHoro  pecypca  h  pocx  3HeproBOopy)KeHHOCXn  KA  xpaflHUHOHHbix 

(cBH3Hbix)  oxenecxBeHHHbix  H  3apy6exHbix  reocxauHOHapHwx  annapaxoB.  3a  nepHOfl 
1980-2000  r.r.  Hariw^HO  bhb;ho,  hxo  npHMepHO  c  cepejiHHbi  80-x  ro^iOB  npon30uieji 
KanecxBeHHbiH  cKanoK  b  xapaKxepwcxHKax  3apy6e»Hbix  CBHSHbix  KA.  3xo  CBHaaHO  b 

nepBVio  oHepeflb  co  cjieflyiom,HMH  4)aKTaMH: 

1)  BHeapcHHe  HHKejib-BOAopoOTbix  AB  c  1983  r.  he  KOMMCpnecKHX 
reocxauHOHapHbix  KA  (axo  o6ecneHHJio  pacnexHbm  pecypc  KA  10-15  Jiex), 

2)  iiajibHeHiiiee  coBepuieHCXBOBaHHC  KpeMHHesbix  cojiHCHHbix  ajicMCHTOB 
(cHH)KeHHe  xoJHHHHbi  '  sjieMeHxa,  noBbimeHHe  paflHauHOHHOH  cxohkocxh, 

coBepineHCXBOBaHHe  coxobhx  naHeneii  h  x.b;.), 

3)  EHeapcHHe  c  1988  r.  hobbix  xhhob  BbicoK03(|)4>eKTHBHbix  rexepocxpyKxypHbix 
cojiHeHHbix  sjieMeHXOB  h3  apceHHZi-rajuiHS  he  paaJiHHHbix  no^BOKKax,  b  xom  HHcne 
oco6eHHO  Ha  repMaHHH  (H3-3a  yBejiMHCHHa  KH^^  c  14%  jim  KpeMHMi?  ao 
MEKCHMEJibHoro  3HaHeHHa  22%  flJia  apceHHfl-raJuiMa  pocx  yAeJibHOH  moihhocxh 
npHMepHO  B  1,5  paaa). 

Ha  pHc.6  B  no;];xBep>KAeHHe  k  cKaaaHHOMy  noKaaaHo,  hxo  ccjih  b  kohuc  »U-x 
roflOB  HHCJTO  3apy6e>KHbix  KA  c  HHKejib-BOAopoziHOH  6axapeefi  na  6opxy  cocxasjiBJio 
npHwepHO  OAHy  xpexb  ox  o6mero  HHCJia  Bcex  reocxauHOHapHbix  annapaxoB,  xo  c 
cepeAHHbi  90-x  foaob  3to  y)Ke  noAEBASiomee  eojibUiHHCXBO. 

Pocx  MOIAHOCXH  C3C  H  yBeiiHHeHHe  pacnexHoro  pecypca  KA  ao  10-15  Jiex  b 
nepByK)  onepeAb  HenocpeAcxseHHO  CBasaHbi  c  KOMwepnecKHM  xapaKxepoM 
HcnonbsyeMbix  cbeshbix  cnyxHHKOB  nm  noxpeSHxeAefi  (axo  yseAHMeHne  paAHO  h 
xejie(})OHHbix  KEHaaoB,  BBCACHHe  CHcxewbi  HenocpeACXBeHHoro  xejieBemaHH«,  pocx 
HHCJia  peXpaHCABXOpOB  H  HX  MOIAHOCXH  HE  6opXy  H  X.A.). 

Ha  npHseACHHOM  pHC.5  xhahahwh  ypOBCHb  3HeproBOOpy)KeHHOcxH 
oxenecTBeHHbix  BbicoKoop6HxejibHbix  KA  c  Hanaiia  80-x  foaob  ao  cepeAHHbi  90-x 
roAOB  cocxaBJWJi  0,5- 1,0  Bx/kf,  anaAOFHqHbiH  wm  3apy6e>KHfaix  KA  0, 8-2,0  Bt/kf.  K 
2000  F.  3HeproBoopy>KeHHOcrfa  oxeqecxBeHHbix  KA  hobofo  aokoachha  (.SMaii, 
3Kcnpecc-2000,  SESAT  h  Ap.)  6yAeT  hexoahtbch  b  AHanasone  2-3,4  Bx/kf. 

Heo6xoAHMO  OTMexHXb,  hxo  pocx  ncxpedHoif  moujihocxh  C3C 
reocxauHOHapHbix  KA  b  nocneAHHe  foabi  o6ycAOBAeH  xaKXce  npHMeneHHeM 
3jieKxpopaKexHbix  ABHraxeAbHbix  ycxaHOBOK  KoppexAHH  cxa6HAH3aAHH  KA  na 
aaAaHHOH  xoHKe  op6Hxu  c  bucokoh  xoHHOCxbio,  AJia  paSoxbi  Koxopwx  xpe6yexca 
MOUlHOCXb  nOpHAKa  HeCKOAbKHX  kBx. 
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OoteKTHBHOH  SaKOHOMCpHOH  TeHflCHUHeH  COEpeMCHHOrO  3Tana  KOCMHEeCKOH 
x^eaTeJIbH0CTH  b  MHpe  EBnsierca  peaKoe-  paciuHpeHHe  pa6oT  no  coananHio  h 
Hcnojib30BaHHK)  MajifalX  KA  HOBoro  noKOJiCHHa. 

XapaKxepHOH  oco6eHHOCTfaiO  6opTOBOH  anepreTHKn  nna  wajibix  KA  HBJiHexca 
HaJiHHHe  oneHb  bbicokhx  Tpe6oEiaHHH  no  ynejibHUM  3HeproMaccora6apHTHbiM 
xapaKxepncTHKaM  napafly  c  yxce  yriOManyTHM  juiUTeubHbiM  pecypcoM  na  hh3khx  h 
cpeflHHX  op6HTax.  3to  Harnajano  bhaho  xaKace  h3  nannux  pHc.5,  me 
3HeproBOopy)KeHHOcxb  yxce  aanymeHHwx  hjih  nnanHpyeMbix  k  aanycKy  b  nepno;3;  1995- 
1997  r.r.  MaJibix  KA  mo6ajibHbix  cnyxHHKOBbix  chcxcm  Orbcomm,  Iridium  h 
Giobalstar  cocxaajwex  npuMepHO  1,75-5  Bt/kx,  a  ana  npocKxa  Teledesic  no 
npeziBapnxejibHbiM  aannbiM  paana  8,3  Bx/kx  na  Konen  aecaxHJiexnexo  pecypca.  3xo 
aocxHXHyxo  npiiMensHHeM,  b  nepsyio  onepeab,  C3C  na  ochobb  BbicoK034)4)eKXHBHbix 
xexepocxpyKxypHbix  apcenna-raJuiHeBbix  connenHbix  aneMCHXoB  na  o6jierMeHHbix 
nonnoacKax  h  HHKenb-BonopoAHbix  AE  HOBbix  KoncxpyKXHBHbix  cxbm  h  xexHonoxHH. 

Ha  pHC.7  npeflcxaBJieHbi  cpaBHHxenbHbie  xapaKxepHCXHKH  ochobhwx  sneMeHXOB 
C3C  nna  oxenecxBeHHbix  h  3apy6e>KHbix  (ClUA)  KA.  Ha  paccMoxpeHHa 
npeAcxaBncHHbix  naHHbix  oxMenaexca  onpenenenHoe  oxcxasaHHe  oxenecxBeHHbix 
sjieMeHxoB  C3C  no  pecypcy  (oco6eHHo)  h  no  ysenbHfaiM  anepxexHHecKHM 
xapaxxepncxHKaM.  Ha  cexoAHauiHHH  flenb  nandonee  aKxyanbHbiMH  Ana  C3C 
oxeHecxBeHHbix  KA  npoAonacamx  ocxaBaxbca  npo6neMbi  yBennneHHa 
xapaHXHpOBaHHOxo  pecypca  C3C  c  nenbio  noBbimenHa  cpOKOB  aKXHBHOXo 
cyinecxBOBanHa  KA  ao  7-10  nex  h  6onee  Ana  BbicoKOOpSHxanbHbix  n  xeocxauHOnapHbix 
annapaxoB  h  ao  3-5  nex  Ana  HH3KOop6HxanbHbix,  noBbimeHna  ynenbEbix 
xapaKxepncxHK  icnioneBbix  3.neMeHTOB  C3C  h  C3C  b  penoM  na  Konep  pecypca  h 
cxoHKOcxH  K  ocHOBHbiM  4’aKXopaM  KOCMHHecKOxo  iipocxpaHcxBa  (paAKauna, 

xepMouHKnnpoBaHHe  h  x.a.)- 

OcHOBHbie  nyxH  ynyBuienna  icnioMeBbix  aneMenxoB  C3C  noKasanbi  na  pnc.S. 

PaccMoxpHM  KpaxKO  cocxoanne  n  nepcnexxHBbi  paasHXHa  KmoneBbix  aneMenxoB 
6opxoBOH  aneprexHKH  (connenHwe  aneMenxbi,  aKKyMynaxopbi  n  6axapeH  na  nx 
OCHOBe). 

B  Hacxoamee  speMa  na  KA  npaMenaioxca  nnanapnbie  (nnocKne)  conneanbie 
6axapeH  na  ochobb  MOHOKpucxannunecKOxo  xpeMnna,  apceanAa  rannna  (orpanHaeno) 
H  ^Joc^iHAa  HHAHa  (oAHH  anoHcxHH  KA)  .  B  nocneAHee  BpeMa  na  aapydejKHbix  KA 
cxann  ncnonb30Baxbca  xexepocxpyxxypHbie  apcBHHA-xannHBBbie  connenKbie  sneMBHXbi 
Ha  noAnoacxax  h3  apceHnna  rannna  n  repManna,  npHHBM  nocneAHHH  xnn  aBnaexca 
HanGonee  npeAnoqxnxenbHbiM.  Ochoboh  conneMHon  daxapen  aBnaexca  nanenb  b  bhac 
xapxacHO-paMOHHOH  xoHcxpyxnnn  c  Hecymen  noBBpxnocxbio  b  bha©  cexxn  nnn 
nonoxna  cxpyn  (oxeMecxBBHHbie  pa3pa6oxxH),  jxecxxnx  coxoBbix  h  xh6xhx 
xoHcxpyxnHH  (aapyGeacHbie  KA).  KapxacHO-cexoqnwe  xoHcxpyxnnn  Hanbonee 
3$<|)exxHBHbi  Ana  npHMBHeHHa  conHennbix  aneMenxoB  c  AByxcxopOHHen 
HyBCXBMxenbHOcxbio  pna  HH3KOop6HxenbHbix  KA. 

Ha  pHC.9  noxaaanbi  ochobheib  nanpaBnenna  panBHxna  xocMnnecxon 
(|)oxo3HeprexHXH. 

OxeqecxBeHHbie  paapaGoxxn  AonacHbi  6bixb  Hanpasnenbi  na  cosAanne  nerxnx, 
acecxxnx  noAnoacex  na  ochobb  coxobwx  xoHcxpyxuHH  h  6ecxapxacHbix  nanenen  na 
rH6xon  Hecymen  rioAnoncxe  Ana  HcnonbsoBanHa  xohxhx  h  cBBpxxoHxnx  connenabix 
aneMeHXOB  xonmHHon  50-100  mxm  (hx  nenbaa  na-aa  xpynxocxn  Hcnonbaosaxb  b 
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paMOHHOH  KOHCTpyXUHH  C  CCTKOS)  C  UeitbK)  flOCTHXeHHJI  yflCJIbHHX  xapaKxepHCTHK 
cojiHCMHOH  SarapcH  1,5-2, 0  kt/m^  H  60-80  Bx/Kr. 

HpesBbiqaHHO  saMCHO  npOBeaeHHe  pa6ox  c  HcnoJibSOBaHHCM  hoboh  xexHOjioxHH 
BbipaiBHBaHHa  XOHKHX  nJIBHOK  MeXO^OM  ra304)a3HOH  ariHXaKCHH  H3 
MexajuioopraHHMecKHX  coejiHHeHHH  aim  paapaGoxKH  h  coaaaHHB  BbicoK03(|)(|)eKXHBHbix 
cojiHcqHbix  aaeiwenxoB  aa  ocnoBe  rexepocxpyxxyp  apcenHaa  rajuiHs  aa  nponabix  a 
aemeBbix  noaJioMCKax  h3  repMaaHH  a  KpeMHHB  a  MHorocaoaabix  KacKaaabix  aaeMcaxoB 
KBK  am  oSbiaaoro  npaMeHeaaa,  xax  a  b  ycaoBaax  BbicoKoa  KOHueaxpauna 
coaaeqHoro  noxoxa. 

OxeaecxBeaabie  pa3pa6oxxa  aKxyMymxopoB  a  aKxyMymxopafaix  6axapeH 
(pac.lO)  aoJiKHbi  6bixb  aanpaBJieahi  aa  aaabaeauiee  coBepiueBCXBOBaaae  aanejib- 
xaawaeBbix  a  aaxenb-Boaopoaawx  axxyMymxopoB  b  aaaaBaayaJibaoM  KOpnyce. 
Cpeaa  aoBbix  pa3pa6oxox  aaaSoaee  npoaBaayxfai  pa6oxbi  no  aaxeab-BoaopoaabiM 
AB  B  o6meM  xopnyce  c  acnojibaoBaaaeM  Texaoaoraa  xocMaaecKax  Boaopoaao- 
xHcaopoaHbix  aaexxpoxHMHaecxHX  reaepaxopoB,  seaexcH  noaroxosKa  k  aexabiM 
acnbixaaaxM  3Hepro6aoKa  aa  ocaose  cepao-aaxpaeBbix  aKxyMymxopOB.  B  aanaabBoa 
cxaaaa  paOoxbi  no  aaxaeBbiM  axxyiaymxopaM. 

Bbicoxae  aaxpaxbi  aa  BbiBeasaae  KA  aa  pa6oqHe  op6axbi,  6oaee  noaoBaabi 
Koxopbix  jiBaaioxcB  BbicoxoaaeprexaaecxaMH  (reocxanaoaapHaji,  BbicoKOsanenxaqec- 
Kae,  Bbicoxae  apyroBwe  op6HXbi),  b  saanafejibHoa  Mepe  caepKHBaiox  pacmapeaae 
MacmxaGoB  acnoafasoBaaaa  KA  paaaaHaoro  aasaaneaim.  IIohcx  nyxea  caakeaax 
saxpax  aa  BbiBeasaae  KA  aa  Bbicoxae  pa6oHae  op6axbi  HB-mexca  Kpaaae  aKxyajibHbiM. 

CymecxBeaaoe  noBbimeHae  neneBoa  a^^exxHBHOcxa  KA  Mojxex  6bixb 
o6ecneHeHO  3a  caex  npaMeaeHaB  conaeqabix  aaeprojiBaraxejibabix  ycxaaoBox,  xax 
Haa6ojiee  npoABaayxbix,  b  paapaGoxxe  cacxeM  b  cocxase  xpaacnopxao- 
3HeprexHHecKax  Monynea.  BosMOxabi  nsa  ocaosabix  xana  Monynea  aa  Gase 
cojiaeMHbix  aaeproB-BHraxejibabix  ycxaaoBOx: 

-  afixoaoMHaa  SY  a  MapmcBaa  3P/liy. 

-  GHMOAajibaaa  3y,  b  xoxopoa  oGecneqasaexca  pe)KaM  paGoxbi  xennoBoro 
paxexHoro  ^jBHxaxem  c  BO^^oponoM  b  xanecxse  paGoaero  xejia,  a  pexcaM  paGoxbi 
xpaaanaoHaoa  C3C. 

npaananaaiibaoM  ocoGeaaocxbio  xaxoa  cxeMbi  XBrnexca,  acxom  aa  peajibBbix 
B03MO>Kaocxea  no  pacnojiaraeMoa  aaeprexaxe,  aaaxaa  ypoaeab  pacnojiaraeMbix  xar, 
Hxo  npeaonpenemex  Baanaxenbaoe  BpeMX  nepejiexa  c  onopaoii  Ba3xo0  opGaxw  aa 
paGoqyio  (^m  FCO  3xo  aenejia  a  Mecanw). 

CoBpeMeaabia  ypoaeab  oxeaecxBeaabix  a  sapyGexaux  paapaGoxox  b  oGjiacxa 
KOCMaqecKOH  ^oxoajiexxpaaecKoa  aaeprexaxa  nosBOJwex  oneaaxb  napaMexpbi 
xpaacnopxBo-3aeprexaqecKax  Mo^jynea  aa  ocaoBC  3P,ZHy  a  CB,  KmoaeBoa  npoGjieMoa 
asmexcH  paspaGoxxa  a  cos^taaae  Momaoa  paji;aanaoHHOCxoaxoH  CB  c  BUCoxaMH 
yflenbHbiMa  aaeproMaccoBbiMa  xapaxxepacxaxaMH.  Taxae  paGoxbi  npoBOflajiacb  c  70-x 
roflOB  B  CIUA  a  npaaena  x  cosaanaio  raGxax  naaenea  c  aecymea  nofljio^cxoa  as 
noaaaMHnaoa  njieaxa  xanxoa,  nocjiyx<HBUiea  ochoboh  ixm  CB  aMepaxaacxoro 
cexMeaxa  MeJK^^yHapoflHoa  xocMaaecxoa  cxaanaa.  B  aacxojiinee  BpCMS  b  paMxax 
npoexxa  APSA  (Advanced  Photovoltaic  Solar  Array)  coanaaa  GaaoBaa  xoacxpyxnaa 
CB  MomHOCxbK)  oKOjio  12  kBx  aa  ocaose  xpeMaaeBhix  cojiaenabix  ajieivieaxoB  a 
sainaxabix  cxexoji  rrm  reocxanaoaapabix  KA  c  yriejibaoH  Moinaocxbio  130  Bx/xr 
(coBpeMeHHbia  ypoaeab  oxeaecxaenabix  CB  20-25  Bx/xr,  sapyGexaux  flo  60  Bx/xr). 


B.Akhmob 


Bej^ercH  no^roTOBKa  k  JiexHOMy  sKcnepHMeHTy  b  paMKax  nporpaMMw  ELITF  c 
nOMOIBblO  3P/];y.  ^  t- 

npHWeHeHMe  TOHKHX  H  CBepXTOHKHX  BfaIC0k03(|)4)eKTHBHbIx  COJIHCMHUX 
MeMeHTOB  THna  GaAs,  GaAs/Ge,  JnP  Hapa^y  c  npHMeHeHHCM  o6jierqeHHbix  cotobwx 
HOT  thSkhx  noOToxceK  c  y;tejibHOH  MaccoH  1-2  Kr/M2  o6ecneHHT  nocTHXceHHe 
yaejibHOH  MOIBHOCTH  CB  He  wenee  60-1 00  Bt/kf.  ' 


_  B  nocjie,aHHe  footi  aa  py6e>KOM  pacuiHpa'iOTca  HccjieflOBaHHx  no  cojineMHUM 
SHMoaajibHbiM  aHeproOTHraxejibHbiM  ycxanoBKaw.  B  nacxoau^ee  BpeMX  pa6oxbi  b 
CIUA  Be^Fyxca  uiHpoKOH  KoonepauHeH  h  HanpaBJieHbi  Ha  SKcnepHMeHxajibHoe 
noxtxBepxcaeHHe  peaniiayeMocXM  oxcH^aeMbix  xBpaKxepncxHK. 

B  POCCHH  B  nocjieflHHe  ro^u  xaKke  nanaxw  pacHCTHO-xeopexHnecKHe 
HccjieflOBaHHB  H  KOHuenxyajibHbie  npopa6oxKH  no  6HMOflajibHbiM  3Jiy  paajiHHHbix 
cxeM.  CoaaaHHe  cojiHenHwx  aHeproOTHraxejibHux  ycxaHOBOK  cymecxacHHO  paciiiHpflex 
B03M0)KH0CXH  npHMeHCHHa  PH  cpcOTero  iGiacca  "Pycb"  h  noasojiaCT  HcnojibsoBaxb 
KocMOflpoM  njieceuK  juui  BfaiBefleHHH  KA  Ha  TCO. 


B  ycjiOBHxx  xcecxKO  orpaHHHeHHoro  rocynapcxsennoro  cpHHaHCHpoBaHHa 
npefljiaraexca  CKOHneHxpnpoBaxb  ycHJiHx  Ha  cjie«yiomHX  npHopHxexHbix 
HanpaBOTHHBx  eopxoBOH  aHeprexHKH,  pasBHXHe  Koxopux  ey^ex  cymecTBCHHO  bjihbxb 
Ha  nporpecc  b  6opTOBOH  aneprexHKe  h  bosmoxchocxh  noaaepxcaHHB  BbicoKoro  ypoBHx 
KOHKypeHxocnocoOHOcxH  oxeqecxBeHHbix  KA  Ha  pbrnne  KOCMHnecKHX  ycayr.  3xh 
HanpaBaeHHH  h  oxcnaaeMbie  peaynbxaxbi  npe;xcxaBJieHbi  na  pHc.l2. 


B.Akhmob 


TEHflEHIJHH  PA3BHTHa  BOPTOBOfi  3HEPrETHKH 


Phc.1 


OCHOBHME  3JIEMEHTM  G3C 


OxeHecTBeHHbie 

C3C 

3apy6e3KHbie 

C3C 

Tpa^HUHOKHbie  KA 

•  HaSiiioAeHHe  3eMLJiH,  ■ 

Mccjie^oBaHtie  npHpoAHbix 
pecypcoB  cyuiH  h  Mop:H,  ^33: 

HH3K0-  H  Cpei^HeopdHiaJIbHbie 

ClX-SaTapeii 

CB+HKAB,  HBAB 

BblCOKOOpSHTajIbHWe 

CB+CHAB,  HKAB,  HBAB 

CB+HKAB 

■ 

CB+HKAB,  HBAB 

•  MCTeopojioFHH,  HaBHramiH, 
reoAesHii; 

cpeAHeopSiiTajibHbie 

CB+HKAB 

BbfcoKoopSHTa.'SbHbse  (BKO,  FCO) 

CB+HKAB,  HBAB 

CB+HKAB,  HBAB 

*  CBfl3b  H  peTpaHC.lHll(M!i! 

MH(t>OpMaUHH: 

cpeiiHeop6ifra.ibHbie 

CB+HBAB  {“Fokcu”) 

CB+HBAB 

BbicoKoopdHTaJibHbie  (B30,  FCO) 

CB+HKAB,  HBAB 

CB+HBAB, 

•  HavHiibie  4^yHaaMeHTiU!bHbie 
HccieiioBaHHB: 

OKOaOSeMHbie  OpdHTbl 

CH,  Li-^arapeH, 

HKAB  (orpaHHseHo) 

CB+HKAB,  HBAB 

\ 

CB+HKAB,  HBAB 

MfijKnjiaHeTHbie  Tpaccbi, 

C^JHKAB,HBAB, 

CB+CKAB,HKAB, 

cnycKaeMfcie  soHabt 

Li-SarapeH, 

HBAB,  Li-darapen, 

PHTiraFC^MapcSXPO 

PHTBF 

•  nMbioTHpyeMfaie  KOManeKCbi: 

TpaHcnopTHbie  CHcreivibi 

CB+HKAB 

H2-O2  3XF 

OpSHTaJIbHbie  CTaHUHH 

CB+HKAB 

CB+HBAB 

Majibie  KA  HOBoro  noKOJieHHn 

•  Ha6;iioAeHHe  3eMJiH, 

HceaeaoBaHHe  npupo^nubix 
pecypcoB  cyiuH  h  MopH,  ^33: 

HH3KO-  H  CpeAHeopSHTaJIbHble 

CB+HKAB 

CB+HKAB,  HBAB 

•  CBa3b  H  peTpaHCJlHMHB 

HHi{)opMamiH: 

q)e;iHeop6ifTa/n>in>ie 

CB+HKAB 

CB+HBAB 

BblCOKOOpSHTajlbHbie 

CB+HBAB 

•  HayHHbie  (^yHfiaMeHTajibHbie 

CB+HKAB 

CB+HKAB,  HBAB 

HccjieaoisaiiHs 

Phc.2 


B.Akhmob 


HasioNue  Kfi 


Phc.3 


pac^-iemNOdo  pecypca  cSpsPbix  '  KR  HQ  FCO 


Poem  3i-iBpeoboopy>xei-iHocmu 
eSpsHbix  Kfl  u  MKP 


CPABHEHHE  OCHOBHbIX  XAPAKTEPHCTMK  3J1EMEHTOB  CSC 


OCHOBHbie 

XapaKTepHCTHKH 

xTinorKnACAAior 

25  -  28°C) 

Twri  najie,in  CB 

Y/ie-ihuaa  MoinHocxb  CB, 

I  Bt/m^  (HaMa-io/Konet!  paSoTbi) 
Vae^ibHafl  Macca  CB,  kx/m^ 
Pecypc,  rOiX 


C3C  KA  Ha  ocHoee  CB/AB 


OxeHecTBeHHbfc 


3apy6e5KHbje 


CoaiieMHbie  ajieMCHXbi  h  fiaxapew 


1 

1 

o 

o 

MOHo-Si  (12-15)y» 

MOHO  -  GaAs  (18  -  19)% 

rexepocTpyKxypbi  Ga,4I 
As/GaAs,  GaAs/Ge  (17  -  22)% 

KapKac  -  paMa  c  cexKoB 

coroBaK  H  rxiSKaa  nsBaxH 

140/80-9'0(Si,rCO) 

150  -  160/100  -  110  (Si,  ECO) 

160/120  (GaAs,  HOO,”Mhp”) 

220  (EC3  GaAs,  ECO) 

6- 7 (Si),  8 -10 (GaAs) 

2.5 -5,5  (Si,  ECO) 

3- 5 (Si, ECO) 

10  (GaAs,  HOO,  “Mwp”) 

7  - 15  (Si,  EC3  GaAs,  ECO) 

AK'KVMj/iasypM  h  oaxapeH 


HMKe.'ifc.-KaxvsM!l 


EviKOcxb,  Aa 

”  4-120 

9-50 

yae.xbHafl  xijepi  hh,  B  tM/Ki 

20-30 

25-35 

Pecypc,  r on 

l-2(HOO),3(rCO) 

2  -  4  (HOO),  7  -  10  (ECO) 

HHKe.xb-BOAopoj  1 

Emkoctb,  Ah 

40,  45,  60  H  70 

35-90 

yae^ibnas  XHcpf  Hix,  Bxm/kx 

30-40 

35-50 

Pecypc,  roa 

5-7  (ECO) 

4-5  (HOO),  10- 15  (ECO) 

Phc.7 
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PA3BHTHE  KOCMH>lECKHX  XHMHHECKHX  HCTOMHHKOB  TOKA 


ConHowo9  SunodanbHa9  vcmaHo§Ka 


nPHOPHTETHME  3AM^H  PA3BMTHfl  KJIIOqEBfclX  3JIEMEHTOB  C3C 


XapaKTepHCTHKH  MajioraSapHTHoro  paHHOjioKaxopa  SoKOBoro  oGsopa 

K.M.  rinHxaflse 

HnO  HM.  JlaBOMKHHa 
MocKBa,  Xhmkh 

Hime  npeflcxaBJieHbi  ocHOBHbie  xapaxTepHCTHKH  Majiora6apHTHoro 
pa;iHOJioKaTopa  6oKOBoro  oGaopa,  npefl;Ha3HaHeHHoro  ^JlSl  ;i;ncTaHLi;HOHHoro 
30H;inp0BaHiiH  SeMJiH  c  Sopxa  Manoro  KocMiwecKoro  annapaxa. 


CocxaB  H  cxpyKxypHaa  cxeMa  pajiHOJioKaxopa 


AHxeHHoe  (J»H;^epHoe  ycxpoiicxBo 


B  /taHHOM  pa^HOjiOKaxope  jmn  AocxitaceHHH  MHHHMajibHbix  xaGapwios 
H  BecoB  npHMenaexc^i  mejieBaa  anxeHHa,  cocxoamaa  m3  5  napajiJiejibHbix 
BOJIHOBOflOB  AJIHHOH  6  MCXpOB  KaXCflblH.  BojIHOBO^lbl  OpHeHXHpOBaHbl  B/lOJIb 
HanpaBJieHHH  ®jicKeHiiH  MKA.  flHarpaMMa  HanpaBjieHHocxH  xaKOH 
aHxeHHbi  ysKaH  b  HanpaBxeHHH  nojiexa  -  18  yxjioBbix  MHHyx  h  lUMpoKaa  b 
HanpaBJieHHH,  nepnennHicyjiapHOM  HanpaBjieHHio  nojiexa,  -  20  yxjioBwx 
MHHyx. 

Annapaxypa  npHeMa-nepe^aHH 

Annapaxypa  npHeMa-nepe^aHH  BKjiiOHaex  b  ce6fi  ycxpoHcxBo 
(jDopMHpoBaHHJi  cHXHajia  c  CBM  -ycHJiMxejieM  moluhocxh,  MajiomyMHmMH 
npHCMHHK,  aHajioro-ij;Hcl)poBOH  npeo6pa30BaxejTb  h  6jiok  cHHxpoHHaaijHH. 

Bjiok  CHHxesa  H3o6pa>KeHHii  (BCM) 

Bjiok  CHHxeaa  M3o6paxceHi«i  npoHXBOflHX  o6pa6oxKy  nojiyxaeMOH 
paflHOJlOKai^HOHHOH  HH4)OpMapHH  H  CHHXe3  pa^HOJIOKailHOHHOrO 
H3o6pax{eHHH,  Koxopoe  b  flajibHeHuieM  nepeflaexca  no  pa^HojiHHMH  na 
HaaeMHbie  nyHKXbi  npHCMa. 


K.  riHHxaflae 


Ta6jiHLta 


Annapaxypa 

Macca, 

KF 

FaGapHXbi, 

MM 

3Hepronoxpe 
OjieHMe,  Bx 

AnxeHHa 

15 

5000x100x30 

- 

Annapaxypa  npHeMa-nepejtanH 

10 

400x240x200 

Bjiok  cHHxeaa  H3o6pa»:eHiM 

5 

300x200x150 

60 

ynpaBJifliomaa  noncHcxeMa 

4 

240x200x150 

40 

Ka6ejibHaa  cexb 

6 

- 

Pa^HOJTOKaxop  b  nejioM 

40 

400 

TexHMHecKHe  xapaicTepMCTHKM  paj^HOJioKaxopa 


OapaMexp 

BMiHWi 

Ilojioca  oOaopa,  km 

HKHI 

riojToca  aaxBaxa,  km 

HBBH 

IlpocxpaHCXBeHHoe  paapeuieHHe,  m 

Macxoxa  npocxpaHcxBCHHOH  o]j;h4)Pobkh,  m 

25 

KojiHHecxBo  FpaflaHHH  npKocxn 

256 

OxHomeHHe  4)OH/myjx  fljifi  y;i;ejibHOH  9 IIP  (t>OHa  -  20  aE,  aB 

11-15 

OxHomeHHe  CMPHaA/uiyM  jijm  SUP  10  m^,  aB 

6-12 

3 

CpeAHAB  Moni;Hocxb  HBAynenHA,  Bx 

125 

UI^TnoBan  xeMnepaxypa  CHCxeMbi,  K 

500 

UlHpHHa  cneKxpa  cHFHana,  MPn 

5 

Macxoxa  noBxopenmi  HMnyjibcoB,  Fu; 

2400 

npoH3BOAHxeAbHOcxb  BCH,  onepapHH/ceKyHAa 

108 

Pecypc,  nacoB 

3000 

Bmboaw 


npoBezieHHbm  npeABapMxejibHbiH  aHajiMS  noKasbiBaex 
npHHmfflHajibHyK)  BosMoxcHocxb  nocxpocHKa  Ha  coBpeMeHHoii  pocchhckoh 
ajieMCHXHOH  6a3e  pa/iHOJioKaxopa  c  yKasaHHbiMH  xapaKxepHCXHKaMH. 
CymecxByex  luhpokhh  nepeMCHb  aa^an,  Koxopwe  Moryx  6bixb  pemeHbi  c 
noMoiHbK)  xaKoro  pa;i;HOjioKaxopa  c  cHHxesHpoBaHHOH  anepxypoH.  Ba>KHOH 
oco6eHHOcxbK)  aaHHoro  npoeKxa  aiBjMexcB  chhxcs  Ha  6opxy 
paiiHOjioKaHHOHHoro  Haodpaxcemia  c  nocjie/iyiomeH  ^(ocxaBKOH  ero 
Henocpe^tcxBCHHO  noxpe6Hxej]io.  KanecxBo  paziHOJioKaHHOHHoro 
H3o6paxeHHii  jXonojiHHxejibHo  noBwmaexca  HcnojibaoBaHHCM 
HeKorepcHXHoro  HaKoruicHHB  npH  nojiyHeHHH  H3o6paxceHiia. 


K.  ^HqxaJ^3e 


CnyxHHKOBMH  CBH  -  paflHOMexp  MTB3A 
flJIK  ^HCTaHUHOIfflOrO  SOHAHpOBaHHa  SeMJIH 

Jl.r.BopflioroB,  H.H.FopoGeit,  B.n.HaKOHe^HWH, 
B.IO.naHilOB,  H.B.MepHbiH,  r.M.HepHHBCKHH 
IfeHTp  nporjp»aMMHbix  HccjieflOBaHHH, 
PoccHHCKoro  KocMHHecKoro  areHTCTBa 
117810  MocKBa,  VJi.  npo4)coK>3Ha5i  84/32 
OaKc:  (095)  -  420  -  2275 
Email:  ichemy@cpi,  rssi.  ru 


B  ;];oKjiafle  paccMaxpHBaeTca  cnyxHHKOBWH  MHoro^jyHKUHOHajibHWH 
CKaHHpyiomHH  CBH  -  pa^i^HOMexp  -  Mo^yjib  xeMnepaxypHoro  h  Bjia»:- 
Horo  30H;i:Hp0BaHiw  axMoc^epbi  (MTB3A).  IlpHOop  npeOTaanaqeH  fljia 
onpeflejieHHii  HHxerpajibHbix  napaMexpoB  axMoc(J)epbi  h  no^cxHJiaiomeH 
noBepxHocxH,  BoccxaHOBjieHUfl  BepxHKajibHoro  npo4)HJi5i  xeMnepaxypw 
H  BJia»mocxH  axMoc(j[)epbi  b  rjioOajibHOM  MacmxaOe,  a  xaioKe  /yiii  hh- 
arHOCXMKH  npopeccoB  fleaxejibHoro  cjiob  oKeana  h  KpH3HCHbix  CHxya- 
ilHH  b  axMoc4)epe. 

PaOoHHe  HacxoxH  iipnOopa  BKjiiOHaiox:  18.7;  22.235;  33;  36.5; 

42;  48  H  91.65  PPii  (BepxHKaiibHaa  h  ropHaoHxajibHaa  nojiiipHsaiiHa), 
cneKxpajibHbie  Kanajibi  b  jihhhh  norjiomeHHa  KHcjiopofla  52  -  57  rPu; 
H  JIHHHH  BOflflHoro  Hapa  183.31  rFii;.  Bee  npHGopa  cocxaBjinex 
55  KT,  HoxpeGjiHeMaH  MomHoexb  65  Bx,  gnaMexp  anxcHHoro  aepKajia 
60  CM. 

CB^  -  pajiHOMexp  MTB3A  Synex  4>yHKHHOHHpoBaxb  b  coexaBe 
OopxoBOH  annapaxypbi  KA  cepHH  «Mexeop  -  3M».  FlepBbiH  aanycK 
HaMCHeH  Ha  1999  roji;.  B  flOKria^e  npejtcxaBjienbi  xexHHHecKHe  h  pa- 
OoHHe  xapaKxepHcxHKH  npnOopa  MTB3A,  napaMexpbi  opSnx  KA  ce¬ 
pHH  «Mexeop  -  3M»,  a  xaK^e  paccMaxpHBaexcH  B03Mo>KHocxb  yexanoB- 
KH  CBH  -  paflHOMexpa  MTB3A  na  Majibix  cnyxHHKax. 
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Satellite  Microwave  Radiometer  MTV7A 
for  Remote  Sensing  of  Earth 

L.G.  Bordugov,  N.N.Gorobets,  V.P.  Nakonechny, 

S.Yu.Pantsov,  I.V.Chemy,  G.M.  Chernyavsky 
Center  for  Program  Studies,  Russian  Space  Agency 
Profsoyusnaya,  84/32,  Moscow,  117810,  Russia, 

Fax:  7-(095)-420-2275 

Paper  discusses  the  satellite  multifunction  microwave  imaging  radi¬ 
ometer  MTVZA  for  remote  sensing  of  ocean  and  land  surface,  and 
integrated  parameters  of  atmosphere  ,  as  well  as,  for  measuring  global  at¬ 
mospheric  temperature  and  water  vapor  profiles.  The  instrument  operates  at 
frequencies  of  18.7;  22.235;  33;  36.5;  42;  48;  and  91.65  GHz  (vertical  and 
horizontal  polarization),  oxygen  line  52-57  GHz,  water  vapor  line  183.31 
GHz.  The  MTVZA  includes  some  complementary  non-typical  operating  fre¬ 
quencies  especially  for  oceanographic  research.  The  instrument  weighs  55 
kg,  power  consumes  70  W,  and  antenna  size  is  60  cm. 

Since  1999  the  Meteorological  Satellite  Program  of  Russian  Space 
Agency  will  use  the  advanced  ‘Meteor-3 M’  spacecraft.  The  series  of 
satellites  with  microwave  instmment  MTVZA  aboard  will  be  launched 
on  sun-synchronous  orbit. 

MTVZA  performance  characteristics,  and  the  schedule  of  orbiting 
spacecraft  ‘Meteor-3M’  and  parameters  of  orbits  are  presented  in  the  pa¬ 
per.  The  possibility  of  deploying  microwave  radiometer  MTVZA  on 
small  satellites  is  discussed. 

The  applications  of  microwave  technique  for  diagnostics  of  ocean 
active  layer  processes  and  natural  disasters  are  discussed. 
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MATEMATHHECKOE  M0J1;EJ1IIP0BAHHE  AHTEHH 
MyiblX  CnyTHHKOB 


H.n.  K03J10B 

rocy^apcTBeHHfcifl  naj™iHO-Hecjie30BaiejitiCKHfl  HHCTHiyT  npHKJia?](Hoft  MexaHHKii  n 
3JieKTpoaHHaMIIKH  MAIl) 

125810,  r.  MocKiia,  BojioKOJiaMCKoa  ui.  4 
<DaKC:  (095)  158-0367 

B  HacTOflinefrf  AOKiwie  paccaviaTpiffiaercfl  npuMeHCHHe 
Maiavtami^iecKoro  MOAenHpoBamta  ajm  npoeKTHpoBamis  anTenHbix 
cucT®!  KocMH4<2CKH>:  aim^aTOB  (KA).  3tm  caficreMbi  oth  Manbix 

oiyTHiriKOB  ^JBCTO  BBJiHioTca:  ocHOBHLiMii.  Mo^ieiEtpoBaHHe  n03B0JMeT 
HcnojibaoBaTb  ciicTej^^iHbM  anjinna  ana  oirmMiDaiJjoi  npo^criipoBaHtia 
KA  no  TSJffliHeaEciiM  jiE^ztaKTej aicniKaM  n  ctohmocth. 

3aniaHa  oeecneneroia  pannocBJon  c  KocMiwecKPiM  annqjaxoM 
npqmiojiaraeT  pacqex  JiEMni  p^zmocBBSH  !3ej^tJiH-KA  idth  tCA-KA, 
BfciSop  mnas  reoMeipHH  n  pacnojioaceiina  arnmn  na  Oopiy  KA  jb 
MOAennpoEanna  cymecTBenHO  yciio'acHaerrcji,  Kor^a  b6jih3H  anxeHHBi 
HaKDflHTca  itpeiiarciBHe  c  ocrpoM  KpoMKoil  hjih  nuasMenHoe 
o6pa30Baffl'ie  (TO)  ox  paSoxaiomero  ajiacxpopeaicxi'iBHoro  flEnraxaiia. 
B6jih3h  ypoBHa  ]iq>miHa:acoH  Konnempainoi  lUiaaMbi,  KaK  noKaabBaexca 
B  [1],  aiiesEcipoMarai'iTXBbie  no.Tia  KancdBCHHo  aaBJicax  ox  Manbix 
iDMeHeniiri  n^BMexpoB  cpc^obi  B  peayjibTaxe  wm  ncaiwB^ia 
pacnpocxpaneioffl  bojh  ipeSyexca  npnMeneHHe  xeoptM  OH^ypKeDaMH. 

KbnojibayeTca  pouienHc  sanaHH  bojih  hb  npyx  xojms 

cjiomioii  4)opMi>L  3irH  rena  MOAormpyTOx  anxeenbi,  KA  wm  TO,  a 
onxHManbHafl  anxeuBa  naxoAnxca  nqie^opoM  BapnaHxoB  pacnexa 
MoAonb  Apyx  xen  ynmuBaer  BaanMOAeMcxBHe  anxenn  oo6oii 

c  KopnycxiM  KA,  c  ero  ocxpbiMH  icfxiMKaMH  h  c  I  O  [2].  IljpnMeHaexcM 
xonnoe  pemeHne  asAana  Aii(|>pajKiinii  bojih  na  xenax  cnoacHOH 
4)opM]bi  B  c^iepHHecKHX  KoopAnnaxax.  npqzpio3«eHHbK  moxoa 
iipeo6iM30BaHHft  aMTuiHiyA  bojih  npn  cMemeniffl  chcismbi  KoopAnnax 
H  MexoA  nepeoxpaaceiDaH  Aaiox  yniiBepcajibHyio  ixic4exH>xo  MOAenb 
fljiH  xen  paaMcpaMH  AonecKOJibKHXAAHHBOJiH  [2,  3].  ^ 

r^HBOAATCH  peayjibxaTbi  HHCjKiiHbix  HCCJiqnoBaHHH, 

CnncoK  imxepaxypLi 

1.  K03JIOB  Pin  PpAjioxe5aifficaH3Jo:xpoHinca  1997.  N2.  C.  142- 146 

2.  Kodov  I.P.  NMiematic  Methods  of  Spacecraft  Antoina  Systeoxi 
fVigignitig  (IAF-94~u.2.469).  45-th  Con^.  of  the  Intean.  Astr.  Fed., 
Oct.  9-14,  1994  /Jerusalem,  Isxad.  4c. 

3.  Koukjb  wn  Ih©.  b\’30B.  PAtic4>iE3t’iRxi,  1 975.  T.  18. N7  C  997-1008 
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MATHEMATICAL  MODELING  OF  SMALL  SATELLITES 

ANTENNAS 

I.P»  Kozlov 

State  Research  Institute  of  Applied  Mechanics  and  Electrodynamics  (RIAME  MAI) 

4  Volokolamskoye  sh.,  Moscow,  125810, 

Fax:(095)  1580367 

Kfetiiematical  moddiing  is  ^ply  in  order  to  design  the  sn^ll 
spaoeonaft  (SC5  antenna  s^ysteins.  The  systean  analysis  tiieoiy  may  be 
used  at  Ihe  space  isrpgnan  reali2Htion  and  the  optinium  one  from  the  point 
of  view  of  its  tedinical  diaracteristLcs  and  cost  is  chosen. 

The  problem  of  the  provision  of  the  outer-space  radio 
cornmunication  oansists  of  calculation  of  the  radio  communication  line 
in  "space  -  space",  "spacecraft  -  Earth”  cases  and  the  selection  of  an 
antenna  Intern  type^  it’s  geometiy  and  location  onboard  SC  witii  dectric 
propulsion  thruster.  Concerning;  &e  radio  coniniunication  line  cdculetion 
the  critical  point  is  founded,  in  vdiidi  didectrical  permeability  is  2Ero, 
and  unified  bifurcation  theory  is  ^lied  ’wMe  electromagnetic  wave 
propagation  task  in  plasma  was  consid^ed[l]. 

Mafliematical  modding  is  made  accounting  for  the 
dectromagnehc  antenna  interaction  between  eadi  other  and  the  SC 
bcxiy  and  its  overhanging  parts  or  sharp  edges  at  die  dedric  propulsion 
thruster  plasma  blob  [2]. 

The  difraction  theory  at  two  bodies  with  the  oorr^jlicate  form  for 
die  spherical  coordinates  was  developed.  The  wave  arr^jlitude 
transformation  medicxi  [3]  while  shifiing  and  rotating  the  spherical 
ccx)rdinate  intern  and  the  itesution  method  was  devdoped  by  the 
author  to  formulate  an  univearaal  a^ir^ted  raodd  for  any  bocty  sizes. 

The  effective  compjuter  algorithms  for  the  antenna  system  are 
devdoped.  There  are  results  of  numerical  investigjations  with  difFerent 
cases  classific^on  and  generalization. 
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HncTpyMeHTapHH  flJiH  HccjieflOBaHHa  cpeAti 
oKpyaccHHH  KocMiwecKHX  annapaxoB 

B.FycejibHHKOB,  O.BparHH,  A.3a;[i:opc)XCHbiH, 

A.Ko^eeB,  lO.npOKonbeB,  A.Tiothh 
HobochShpckhh  rocyaapcTBeHHbiH  ynPiBepcHTex 
630090,  r.HoBocHOHpCK,  yji.IlHporoBa,  2 
(J)aKc  383-2-397101 

ripeflcxaBjiiiioxcii  Mexo/i,HKH  ii  flaxHHKH  flJiH  Hccjie;i,OBaHHa  OKpyaceHHH 
KocMErqecKHx  annapaxoB,  paapsiOoxKH  HrV  anpoOnpoBaHHbie  Ha  Mexeopa- 
Kcxax  H  BbicoKoopOnxaxbHbix  KA. 

By^tyx  npeflcxaBJieHbi  oiracaHna  jiexHwx  o6pa3i;oB  h  nacxb  aaxHHKOB  b 
Haxype. 

KoMHjieKc  MexoflHK  H  flaTOHKOB,  BapHaHXbi  jiexHOH  annapaxypbi  jim 
HccjieflOBaHHa  3.r[eKxpHHecKoro  cxpoeniia  axMoc^)epbi  h  luiaaMCHHoro 
OKpyxceHHH  BbicoKoopOHxajibHbK  KA  6yflyx  npe/yio^Kenw  zyiH  HcnojibsoBa- 
HHB  Ha  Majibix  crcyxHHKax  c  nejibio  onpeflejieHiM  xapaKxepHCXHK  cpe^bi  hx 
oOHXaHHH. 

3X0  pOXaHHOHHbie  H  BHOpaHHOHHbie  H3MepHXeJTH  HanpaXCCHHOCXH 
ajieKxpHHecKoro  iiojih  Ha  noBepXHOCXH  KA,  naOop  cexoHHWX  30h^ob  jjjik 
HccjieflOBaHHH  HOHHoro  cocxaBa  oKpyxcaiomeH  Cpeflw,  4)oxoMexpHHecKHe 
H3MepHxejiH  KOHHCHXpaHHH  aaposojieH  h  flp. 

^aXHHK  HanpHXCeHHOCXH  3JieKXpHHeCKOrO  HOJIH  (71,311)  -  3XO  BHOpaipH- 
oHHoe  ycxpoHCXBO  B  BHZte  HHJiHHflpa  pviHHOH  70  MM  H  flHaMexpoM  13  MM, 
paOoxaioiHHH  na  npHHHHne  3JieKxpocxaxH4ecKOH  HHflyKHHH.  PaGonaa  nac- 
xoxa  KojieOaHHH  H3MepHxejibHoro  3jieKxpoB:a  cocxaBjiaex  100  Fii;.  bm- 
GpaHHOH  reoMexpHH  /i,aiHHKa  ^tHaiiaaoH  peracxpnpyeMbix  nojieH  cocxaBJiaex 
10B/m  -  100kB/m. 

HaMepeHHe  xokob  Ha  noBepxHocxb  KA  npoH3BozpHxcH  /laxHHKaMH  xnna 
HHjiHH^ppa  Oapaz^eH  ^Byx  xhhob: 

-  B:axqHKa  HHxerpajibHoro  xoKa  (AHT),  BbinojiHCHHoro  b  Bipte  naGopa 
COOCHbIX  HHJIHHflpOB,  HBJIHIOmHXCH  JIOByUIKaMH  BXOpHHHblX  HaCXHH.  St})- 

4)eKXHBHaH  ruiomaflb  BxoztHoro  OKHa  S  =  12  cmxcm; 

-  ziaxqHKa  hohhoxo  xoKa  mVT)  npeflcxaBJiaiomero  coGoh  hhjihh;iP 
Oapaflea  c  sKpaHHOH  h  noxennHEUibHOH  cexKaMH.  3KpaHHaa  cexKa  coenH- 
Hena  c  KopnycoM,  a  na  noxennHajibHyio  noflaexcii  oxpHHaxejibHbm  noxen- 
HHaji  -  12B,  “oxceKaiomHH”  HH3K03HeprHHHbie  sjieKXpoHbi.  3(|)4)eKXHBHaa 
Hjioma/ib  OKHa  S  =  1.1  CMXCM.  71,Hana30H  HSMCpaeMbix  xokob  bjih  oGohx 
XHHOB  flaXHHKOB  0.01  -  10  hA/cMxCM 


B.FycejibHHKOB 


riEPCnEKTHBbl  MCn(3Jlb30BAHM>I  PEHTEEHOBCKOH 
KAnHJIJT^IPHOH  OnXMKM  B  KOCMHMECKOH  OTPACJIH 

A.B.Bo.ikob,  A.n.HeBCKHH,  M.Jl.rijiaTOHOBa 
UeHTpajIBHLIM  HayqHO-HCCJieflOBaTCJIBCKHH  HHCTHTyX  MaiUHHOCXpoeHHH 


rio  aaKaay  PKA  BlJ[P[HHMam  npoBO/i,HxcB  HHP  «<l)acexa»  c 
pejibK)  HccjieaoBaHHH  bo3mo>k;hocxm  coaataHMH  noMexoycxoHHMBBix 
aaXHHKOB  XpeXOCHOH  OpHCHXapHH  KOCMHHCCKMX  annapaXOB,  aaXHHKa 
rejiHOMOHMxopHHxa  M  paAHapHOHHoro  KOHxpojin  KOCMHqecKoro 
npocxpaHcxBa  Ha  6a3e  xexHOJioraH  peHxreHOBCKOH  KanHJuiHpHOH  ohxhkh. 

ripe^biAymMe  xeopexHxecKMe  MccjieaoBaHMB  noKaaajiH  Ha 
npHHUHnHajlbHyiO  BOSMOKHOCXb  C03^aHHB  XaKMX  aaXHHKOB.  KpOMC  xoro 
SbiJiH  paapaSoxaHbi  m  coa^anbi  oxACJibHbie  ysjibr  flaxHHKOB,  a  hmchho, 
nojiHKanHJUiapHbie  penxreHOBCKMe  KOJUiHMaxopbi,  BbinpHMHxejiM, 
ycHJiHxejiH,  (J)H;ibxpbi  h  yajibi  conpHxccHHH  c  3BM,  Koxopbie  roxoBbi  aJia 
o6meH  c6opKH  H  KOMHJieKCHoro  cxeH/ioBoro  HcnbixaHHB. 

npeaBapHxejibHbie  wccHe^oBaHH^  noKaaajiH,  hxo  ajib  yjiyHUieHMB 
xexHHxecKHx  HOKaaaxejieM,  a  hmchho,  yBejiHHCHHB  paapemeHMB  h 
cymecxBeHHoro  cHH:*;eHHH  Beca  h  rabapnxoB  KOHCxpyKPHH,  xpe6yexcH 
aajibHeHuiee  yMCHbuieHMe  anaiviexpoB  3JieMeHxapHbix  KanHJUiapoB  c  10- 
20mkm  1-5mkm. 

B  HacxoHuaee  BpeMH  paccMaxpHBaexca  xtBa  BapHanxa  nocxpoeHHB 
aaxHHKa: 

c  HOHM3au.MOHHOH  KaMepoH,  Kopfla  peHxreHOBCKoe  HaayxeHHe 
Hocjie  npoxo>K^eHHB  nojiHKanMJUHipHoro  KOJuiHMaxopa,  pexHcxpupyexcH  b 
MHOXOHHXeBOH  HOHHSaUHOHHOH  KBMepe; 

H  6ojiee  nepneKXHBHOH  CHCxeivie  pexHcxpauMM  peHxreHOBCKoro 
H3JiyB:eHH5i  c  noMombio  flBC.  3xox  nyxb  6ojiee  xpyaen  BBH^y  oxcyxcxBHH 
B  Hacxo55mee  BpeMa  peHxrenoBCKHX  nSC,  xoxa  hx  paapaOoxKa  snojiHe 
peajTbHa. 

nepexopi;  c  n3C  xpeOyex  nepexoa  k  6ojiee  MHXKOMy  penxereHy  ox 
2-8A  K  50-100A,  Hxo  yBejiMHMBaex  hoxok  peHxrena  b  lO^-lO^  pas.  3xo 
no3BOJiHex  co3a,axb  cyui,ecxBeHHo  Sojiee  MajioraOapHXHbie  ii,axHMKM,  hxo 
xpeOyex  paapaOoxKM  KaK  KanHiuiapoB  flHMMexpoM  1-5  mkm  h  1330  c 
ojieMeHxaMM  1x1-5x5mkm.  McnoabaoBaHHe  xaKoro  nox[xopta  hobbojimx  no 
MHeHHK)  aBxopoB  co3/iaxb  a;axHMK  xpexocHOM  opHCHxauHM  BecoM  l-2Kr. 

yMCHbiucHHe  piMaMcxpa  3JieMeHxpaHoro  KanHJiJiapa 
peHxreHoonxHnecKor  KOJuiHMaxopa  p^o  1-5mkm  hobbojthx  coaaiaxb  a.axxMK 
JIJIR  xejiMOMOHHXopHHxa  c  paapeuieHMCM  ox  2  a,o  6  yraoBbix  ceKyna,,  nxo 
oOecneqnx  BbinoaHeHHe  caMbix  BbicoKMxxpeOoBaHMH,  npeA-baBJiHeMbix  k 
CHCXeMaM  rejlHOMOHHXOpMHXa.  PIpH  3XOM  /^aXBHK  ilJlB  reJIHOMOHMXOpMHra 
cocxaHX  2-IOKr,  nxo  cymecxBCHHo  MCHbuie  Maccbi  cyHiecxByiouiMX 
pcHxreHOBCKHX  xejiecKonoB:  50-200Kr. 
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X-RAY  CAPILLARY  SYSTEM  : 

PROSPECTS  FOR  USE  IN  SPACE  INDUSTRY 

A.Volkov,  A.Nevskiy,  M. Platonova 
TsNIIMash  RSA, 

Pionerskaya  4,  Korolev,  Moscow  Region,  141070,  Russian  Federation 


An  analysis  of  the  developn'ient  of  onboard  data  systems  for: 

•  three-axis  spacecraft  attitude  control; 

•  heliomonitoring; 

•  radiation  control  in  the  near-earth  space 

has  shown  X-ray  sensors  to  be  created  prior  to  the  optical  ones.  It  is  caused 
by  an  essential  reduction  of  noise  in  the  X-ray  diapason  while  the  optical 
sensors  are  sensitive  to  the  stray  light  due  to  the  re-radiation  of  spacecraft 
and  also  clouds  of  debris,  accompanying  a  spacecraft,  to  the  noise  due  to 
high-power  laser  radiation,  used  for  spacecraft  inspection,  etc. 

The  sensors  based  on  the  X-ray  registration  teehnology  have  no  the  above 
disadvantages.  Today,  theoretical  studies  and  also  experiments  have  been 
carried  out  to  show  the  feasibility  of  X-ray  sensors  on  the  basis  of  X-ray 
capillary  facet  (compound)  optics  technology  for  the  purposes  of  three-axis 
orientation  on  the  Sun. 

At  the  same  time,  a  technology  of  X-ray  capillary  facet  optics  manufacturing 
for  the  purposes  of  heliomonitoring  is  under  development.  The  technology 
makes  X-ray  pictures  of  the  Sun  available  with  the  resolution  of  some 
seconds  that  provides  a  high  reliability  of  prediction  of  solar  flare  events  and 
also  a  high-resolution  monitoring.  It  should  be  noticed  that  such  systems 
designed  for  heliomonitoring  allows  to  reduce  overall  device  dimensions  and 
weight  more  than  in  one  order  of  magnitude  in  comparison  with  X-ray 
telescopes  which  have  been  currently  placed  on  space  stations. 

Among  the  important  fields  for  application  of  the  systems  based  on  the  X-ray 
capillary  optics  technology,  there  are  technologies  of  the  near-earth  space 
radiation  monitoring  and  also  radiation  inspection  of  space  objects. 

Studies  of  the  basic  properties  of  sensors  based  on  X-ray  polycapillary  optics 
have  shown  that  they  provide  a  low  specific  weight,  high  noise  immunity, 
high  reliability  while  they  are  relatively  simple  at  manufaeturing. 

The  principle  of  operation  of  a  three-axis  sun-orientation  sensor  is  examined 
below. 

As  a  matter  of  fact,  the  signals  to  control  the  orientation  in  two  axes  are 
formed  due  to  the  control  of  the  Sun  limb  position  in  the  image  plane.  The 
signals  to  control  the  orientation  in  the  third  axis  are  formed  due  to  the 
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control  of  the  misalignment  of  a  current  X-ray  image  of  the  Sun  with  a 
previous  image  recorded  in  a  computer  memory.  The  X-ray  diapason 
provides  registration  of  small  movement  angles,  thus  there  is  a  base  to  obtain 
a  high  orientation  accuracy  in  the  third  axis. 

The  tasks  of  heliomonitoring  require  a  detecting  system  with  much  more 
number  of  elements  (facets). 

Applications  in  Soft  and  Hard  X-ravs 

The  X-ray  capillary  optics  provides  registration  of  hard  (i?  »  8  KeV)  and  soft 

«  0,1  X-rays.  It  is  remarkable  that  a  solar  image  in  hard  X-rays  has  a 
number  of  bright  spots  and  no  small  spots  and/or  inhomogeneities.  In  the 
soft  X-ray  band,  images  of  the  disc,  its  boundary  and  corona  can  be  observed 
in  a  picture.  One  can  observe  also  such  details  in  the  glow  as  coronal  holes, 
loops,  active  areas,  bright  X-ray  spots,  dark  fields,  etc.  Thus,  the  information 
density  of  a  picture  in  the  soft  X-ray  band  is  essentially  higher  than  that  in 
the  hard  X-ray  with  respect  to  the  details  of  a  picture.  However,  one  can  get 
a  high-contrast  picture  in  the  hard  X-ray  band  (with  few  details). 

The  following  main  features  of  glows  in  soft  and  hard  X-ray  bands  could  be 
noticed.  The  total  flux  of  radiation  in  soft  X-rays  is  in  three-four  orders  of 
magnitude  greater  than  that  in  hard  X-rays. 

Tliere  is  one  more  specific  feature.  The  radiation  in  soft  X-ray  is  more  stable 
in  time,  the  intensity  can  fluctuate  in  about  10  times,  while  the  temporary 
changes  of  radiation  in  hard  X-rays  can  achieve  much  more  significant 
amplitude,  varying  in  up  to  10^  times. 

It  should  be  noted  that  in  hard  X-rays  there  are  the  points  in  time  when  the 
Sun  has  a  zero  radiation  in  this  band  or  there  are  one-two  spots  only  that  is 
insufficient  for  the  three-axis  orientation.  In  soft  X-rays,  a  solar  image  has  a 
thin  structure  permanently,  and  that  is  required  to  form  the  signals  of 
misalignment  in  case  the  orientation  in  the  third  axis  changes. 

In  first  versions  of  X-ray  attitude  control  sensors,  designed  for  experimental 
development,  it  was  supposed  to  use  sensors  registering  in  hard  X-ray  range 
that  was  caused  by  the  requirement  of  a  high-contrast  image  availability. 
Ionization  sensors  were  supposed  to  be  used  for  registration  of  X-rays,  and 
for  the  transport  one  could  use  a  collimator,  consisting  of  X-ray  capillary 
assemblies,  made  of  thin  capillary  fiber  modules  and  focused  on  different 
segments  of  the  Sun.  As  a  result,  the  resolution  of  a  solar  image  was  1 ' 
(32x32  pixels).  Such  value  of  resolution  is  sufficient  to  provide  an  orientation 
by  using  the  hard  X-rays  range  in  which  there  are  a  few  elements  of 
radiation. 

Ionization  Sensors  and  Ionization  Chambers 

To  register  X-rays,  both  some  ionization  sensors  and  ionization  chambers 
have  been  examined.  While  an  ionization  sensor  registers  the  radiation  from  a 
facet  module,  an  ionization  chamber  can  register  radiation  from  an  assembly 
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of  facet  modules  as  a  whole  and  store  the  location  of  a  radiation  point  (spot) 
on  the  Sun.  The  ionization  chamber  is  filled  with  highly  active  ionization 
gases,  and  it  consists  of  two  mutually-perpendicular  systems,  made  of 
threads.  The  ionization  of  gas  causes  reduction  of  conductivity  in  the  nearest 
crossing  threads.  Results  of  the  data  reading  from  vdre  elements  allows  to 
detect  precisely  the  points  of  maximum  conductivity  corresponding  to  the 
points  of  maximum  x-radiation  intensity. 

The  chamber  application  allows  to  increase  essentially  the  resolution  of 
existing  X-ray  sensors.  The  number  of  elements  in  a  picture  of  the  sun  could 
achieve  the  value  of  100x100  pixels  while  the  chamber  sizes  are  not  more 
than  300x300x80  mm.  The  resolution  increase  allows  to  use  X-ray  devices 
with  an  ionization  chamber  not  for  tasks  of  orientation  only,  but  also  to 
obtain  X-ray  pictures  of  the  Sun  with  the  resolution  of  up  to  20"  (100x100 
pixels)  required  for  the  heliomonitoring  tasks. 

It  should  be  noticed  that  the  X-ray  devices,  based  on  the  technology  of 
separate  ionization  sensors  and  an  ionization  chamber,  are  heavy  and  have 
rather  large  overall  dimensions  due  to  design  features.  Some  estimations  have 
shown  that  such  devices  can  reach  the  mass  of  20...  50  kg  and  overall 
dimensions  of  300x300x200  mm.  In  principle,  the  sensors  of  such  kind  are 
comparable  to  optical  attitude  control  sensors.  The  elementary  capillary  tubes 
of  such  sensors  have  the  average  diameter  of  15  pm  and  the  length  of  a 
capillary  tube  of  ~100  mm  that  provides  the  angle  of  view  of  1' order.  The 
described  sensors  were  designed  to  use  in  X-rays  of  ~(2...  20)  KeV. 

Some  Problems  of  Application  in  Soft  X-rays 

A  pre-design  research  have  shown  that  most  of  X-ray  sensor  characteristics 

can  be  essentially  improved  if  a  soft  x-radiation  KeV)  range  is  used. 

As  it  was  noticed  above,  the  flux  increases  essentially  in  this  range  (in  (3...  4) 
orders),  that  allows  to  reduce  the  cross-section  area  of  a  capillary  assembly 
up  to  1  sq.cm,  thus  reducing  essentially  overall  dimensions  and  mass  of  the 
sensor.  However,  the  shift  into  soft  X-rays  decreases  ionization  ability  of 
gases  that  requires  to  take  for  use  the  sensors  on  CCD  technology.  Such 
systems  allow  to  achieve  a  high  resolution,  reaching  in  the  best  samples  the 
value  of  about  0^2... 2"  -lOOOxlOOO  pixels  per  Isq.mm).  So,  future  X- 

ray  sensors  with  the  area  of  1  sq.cm  will  provide  a  picture  of  the  Sun, 
consisting  of  -10000x10000  pixels.  To  obtain  such  resolution  a  capillary 
assembly  should  consist  of  separate  (elementary)  capillary  tubes,  having  the 
diameter  of  ~1  pm. 

To  produce  a  sensor  for  imagery^  of  the  Sun,  it  is  necessary  to  supply 
continuous  fan  layout  of  all  the  capillary  tubes  having  the  field  of  view  of 
0,2... 2"  fjg|^  Qf  yjg.^  gf  assembly  should  be  of  32'.  The 

knowledge  and  experience  gained  in  the  field  of  X-ray  capillary  optics 
technology  allows  to  solve  the  above  problem. 
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Being  equal  and  even  surpassing  the  performances  of  existing  X-ray 
telescopes,  the  resolution  of  0,2... 2  10000x1 0000-pixels  imagery  of  the 

Sun  meets  the  most  strict  requirements  to  the  heliomonitoring  systems.  It 
should  be  emphasized  that  overall  dimensions  and  mass  (2...  10  kg)  of  the 
sensors  are  in  (10...  30)  times  lower  than  those  of  known  X-ray  telescopes. 
That  is  an  essential  advantage  of  X-ray  sensor  technology  with  respect  to  the 
heliomonitoring  tasks. 

Unlike  the  sensors  for  heliomonitoring,  the  systems  for  attitude  control  are 
not  such  limited  with  requirements  to  the  angular  resolution  that  allows  to 
reduce  number  of  pixels  up  to  1000  x  1000  per  1  sq.cm.  It  essentially  reduces 
the  number  of  technological  problems  of  both  capillary  X-ray  optics  and 
CCD  manufacture. 

A  computer  simulation  and  analysis  of  soft  X-rays  passing  through  capillary 
systems  have  shown  that  the  increase  of  the  diameter  of  capillary  tubes  from 
1  gm  up  to  5  gm  increases  the  radiation  transmission  from  5.14  %  up  to 
25.12  %  that  affects  essentially  on  the  quality  of  X-ray  images. 

Thus,  the  drastic  reduction  of  X-radiation  transmission  when  the  diameters  of 
capillary  tubes  are  ~1  gm  can  limit  the  further  development  of  polycapillary 
X-ray  optics.  However,  the  development  of  capillaries  of  existing  diameters 
(15...  30  gm)  and,  in  particular,  those  that  are  under  development  (1...  5  gm) 
will  allow  to  develop  and  produce  advanced  X-ray  sensor  instruments. 

One  of  the  problems  of  X-ray  sensor  technology  is  the  lack  of  CCD, 
operating  in  soft  X-rays.  To  solve  the  problem,  either  a  specialized  CCD  or 
converter  of  X-radiation  into  the  optical  one  must  be  developed.  One  of  the 
ways  of  X-radiation  converters  development  is  application  of  special 
luminophor  coating  for  CCD  of  optical  diapason  that  will  allow  to  solve  the 
problem  successfully. 

On  the  way  of  X-ray  sensor  design  there  are  a  lot  of  scientific  and  technical 
.problems,  however,  all  the  difficulties  are  not  of  principle  and  can  be 
overcome  with  both  the  future  technology  improvement  and  relevant 
scientific  and  technical  support. 

Manufacturing  and  Tecluiologv  Improvement 

During  the  manufacturing  technology  improvement  of  an  X-ray  collimator, 
the  chemical  glass  of  the  XC3  (JT-80)  type  (GOST  21400-75,  the  state 
standard)  was  selected  as  the  best  material  for  the  design.  The  said  glasses  do 
not  lose  the  properties  being  four  times  stretched,  saving  the  geometrical  sizes 
stable  with  no  cracking  and  crystallizing. 

The  manufacturing  method  which  is  currently  under  development,  will  allow 
to  produce  a  polycapillary  coaxial  straight-line  assembly  with  the  (1...5)  % 
relative  dispersion  of  elementary  capillary  diameters.  A  preliminary  study  has 
shown  that  a  capillary  assembly  made  of  (1...5)-gm  elementary  glass 
capillaries  is  feasible.  For  the  first  time,  in  1998,  laboratory  samples  of 


A. Volkov,  A, Nevskiy,  M. Platonova 


modular  collimators  with  elementary  capillaries  of  (2  ±  0,l)-|am  diameters 
have  been  manufactured.  An  assembly  of  10- mm  diameter  consists  of  10 
million  elementary  capillaries. 

The  further  development  of  the  manufacturing  method  supposes  an  increase 
of  the  precision  of  equipment,  reduction  of  temperature  gradients  in  a 
furnace,  improvement  of  glass  processing  with  the  purpose  to  increase  the 
surface  reflectivity,  in  particular,  by  means  of  a  strong  magnetic  field, 
improvement  of  the  cutting  of  glass  of  polycapillary  structures.  Activities  in 
these  directions  will  provide  production  of  the  most  advanced  X-ray  optical 
systems  which  have  no  analogues. 

Results  of  Simulation  of  Capillary  Assembly  Operation 

By  a  computer  simulation  of  facet  X-ray  systems,  the  details  of  application  of 
the  capillary  assembly  of  (1...5)-pm  diameter  have  been  specified.  The 
simulation  has  shown  that  when  capillaries  have  diameters  of  ~1  pm  and 
length  of  100  mm  the  efficiency  of  passing  X-radiation  of  E  =  (0,11.. .5)  KeV 
has  no  significant  changes  —  from  5,14  %  up  to  4,31%,  At  the  same  energy  E 
=  0,11  KeV,  reduction  of  the  diameter  of  a  capillary  causes  decrease  of  the 
passing  X-radiation.  E.g.,  if  the  diameter  is  5  pm  the  passage  ratio  is  25,14 
%,  for  the  1-pm  diameter  the  ratio  is  5,14  %,  i.e.  the  ratio  decreases  in  5 
times.  This  rule  leads  to  the  conclusion  that  the  1-pm  diameter  is  very  close 
to  the  limit  value. 

The  simulation  has  also  shown  that  (1...5)-pm  diameters  of  elementary 
capillary  tubes  are  optimum  for  X-ray  optics,  as  it  provides  the  maximum 
angular  resolution  of  sensors.  The  further  reduction  of  a  capillary  diameter 
causes  low  efficiency  of  capillary  tubes  that  is  insufficient  for  X-ray  sensor 
applications. 

To  maintain  a  continuous  operation  of  sensors,  the  registration  in  soft  X-rays 
is  one  of  the  reasonable  ways,  as  both  the  efficiency  of  X-ray  optics  and  flux 
density  of  the  solar  radiation  are  higher  than  those  in  the  hard  radiation 
diapason,  on  (20...  25)  %  and  in  4  orders  of  magnitude,  respectively. 

Overview 

So,  a  shift  into  a  soft  X-ray  band  provides  reduction  of  the  sizes  of  a  sensor, 
use  of  ultra  thin  capillary  tubes  and  considerable  improvement  of  the 
resolution  of  mapping  sensors.  Thus,  just  in  the  near  future  an  improvement 
of  a  picture  of  the  Sun  will  be  available  from  300x300  pixels  up  to  3000x3000 
pixels  while  sensor  masses  vdll  be  (2...  10)  kg. 

The  new  X-ray  sensors,  submitted  in  the  paper,  can  be  used  in  space  industry 
for  the  purposes  of  solar  attitude  control,  X-ray  monitoring  of  the  Sun,  and 
also  for  the  radiation  control  of  the  near-earth  space. 

A  high  noise-immunity  is  the  basic  feature  of  the  sensors  that  gives  them 
priority  with  regard  to  the  optical  ones. 
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Small  sizes  and  low  masses  are  also  essential  advantages  of  X-ray  sensors. 

The  development  of  the  submitted  technology  will  allow  to  create  key 
elements  and  special  devices  for  small  spacecraft  of  new  generation  just  in  the 
near  future. 
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JXacTcs  KpaxKoe  ormcaHHe  npHHpraia  paOoxBi  rojiorpa^HnecKHX  ysKonojiocHbix 
cneKipantHbix  (|)HJiBxpoB.  AnajiHSHpyioxca  hx  npeHMymecxBa  fljia  cos^aHHa 
onxHHecKHX  CHCxeM,  HMeiomHX  Majibie  raOapHXbi  h  bcc.  Ochobhbimh  npCHMymecxBaMH 
xaKHX  4)HJibxpoB  npH  HX  HcnonbsoBaHHH  B  KOCMHHecKOH  annapaxype  fftia  npoBeaenna 
HaGnioflCHHii  CojiHua  flBJwroxca:  ysKaa  nojioca  nponycKaHM  h  Ooitbmaa  yrnoBaa 
anepxypa,  BbicoKaa  BpeMennaa  h  xeMnepaxypnaa  cxaSHJibHocxb,  BoaMoamocxb 
coBMenjieHHa  ^OKycHpyiomHX  h  cneKxpajibHbrx  chcxcm  h  ajieKxpirxecKoro  ynpaBJieHHa 
nojiocoH  nponycKaiiHH.  HpHBOAsxca  onxHHecKHe  cxeMbi  npH6opoB  paapaOoxaHHBix  b 
paMKax  npoeKxa  "CxepeocKon-2000"  fljia  HSMepcHHa  MaxHHXHbix  hojibh,  flBHXceHHa 
BemecxBa  h  nojiyneHna  MOHOxpoMaxHHccKHX  H3o6pa)KeHHH  xpoMoc4)epbi  h  KopoHn 
CojiHHa,  HcnojTbsyroiHHX  ronorpa4)HqecKHe  ^JHJibxpbi. 
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Light-Weight  Optical  Systems  Based  on  Holographic  Filters 
for  Space  Research  of  the  Sun 

S.V.Adishchev,  I.F.Kanaev,  A. M. Pugachev 
Institute  of  Automatics  and  Electrometry  SD  RAS 
Universitetsky  prospekt  bldg  1 ,  Novosibirsk,  Russia 

V.M.Grigoryev,  P.G.Papushev,  S.AChuprakov 
Institute  of  Solar-Terrestrial  Physics  SD  RAS 
P.O.B.  4026,  Irkutsk,  664033,  Russia 


I'he  principle  of  operation  of  holographic  narrow-band  spectral  is  briefly 
outlined.  Their  merite  are  analyzed  in  terms  of  the  development  of  optical 
systems  featuring  small  overall  dimensions  and  weights.  The  main  advantages 
of  such,  filters  when  used  in  space-borne  equipment  for  acquiring  solar 
obseivations  are:  a  naiTow  passband  and  a  large  angular  aperture,  high 
temporal  and  temperature  stability,  alignments  of  the  focusing  and  spectral 
systems,  and  the  capability  of  electrical  control  of  the  passband.  Optical 
systems  of  instruments  are  presented,  which  have  been  developed  under  the 
“Stereoscope-2000”  project  for  measuring  magnetic  fields  and  mass  motion. 
And  for  obtaining  monochromatic  image  of  the  solar  chromosphere  and 
corona,  based  on  using  holographic  filters. 
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CKaHwpyiomee  ycrpoiicTBO  BbicoKoro  npocrpaHCTBCHHoro  pa3peuieHH{i  “Bsop” 

Majibix  KocMHHecKHx  annapaTOB 

M.HoBHKOB,  lO.reKTHH,  H.Akhmob 
PHHH  Kn 

1 11250,  MocKsa,  ABHaMOTOpHax  yji.,  53 
OaKc;  (095)  273  5943 

PaccMaxpHsaeTca  naHxpOMaTHnecKoe  CKaHHpywmee  ycxpoHCTBO  “Bsop” 
BbicoKoro  npocTpancTBeHHoro  paspemeHHJi,  Koxopoe  no  cbohm 
Maccora6apHXHbiM  xapaxxepHCXHKaM  mojkbx  6bixb  HcnonbaoBano  na  Majibix 
KOCMHMecKHX  annapaxHx. 

AHajiH3HpyK)XC5]  pa3jiH4Hbie  cnoco6bi  CKaHHpoBaHH;i  c  Hcnojib30BaHHeM 
MHoroajieMenxHbix  ^^oxonpHeMHHKOB  h  paajiHHHbie  cnoco6bi  nocxpoenna 
OnXHMeCKOH  CHCXeMbl. 

rioKaaaHO,  nxo  MHHHwaabHbie  Maccora6apHXHbie  xapaKxepncxHKH 
CKaHHpyioinero  ycxpoilcxBa  mojkho  peajiH30Baxb  npn  HcnojibsoBanHH 
aepKajibHoro  xpexajieivieHXHoro  o6'beKXHBa  b  conexannH  c  jiHHenHbiM  n3C- 
4)oxonpHeMHHKOM.  CxcMKa  ocymecxBJuiexca  noKaapoBo  c  KOMneHcauHen 
CKopocxH  ocH  BH3HpoBaHHa  anoapaxypbi  no  noBepxnocxn  SeMJin  c 

noMOinbio  npoxpaMMHoro  paaBOpoxa  MKA. 

npH  Bbicoxe  nojiexa  MKA  H=650  km  CKannpyiomee  ycxponcxBO  “Baop" 
nosBOJiaex  noaynaxb  naoSpaxceHna  nosepxHOcxn  ScMnn  pasMcpoM  22x30  km  c 
npocxpancxBeHHbiM  paapemenHeM  2  m. 
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The  high  spatial  resolution  scanner  "Vzor"  for  small  space  crafts 

M.Novikov,  Y.Gektin,  N.Akimov 
RISDE 

1 1 1250,  Moscow,  Aviamotornay  street,  53 
Fax:  (095)  273  5943 

This  report  is  devoted  to  the  high  spatial  resolution  panchromatic  scanner 
"Vzor",  which  can  be  used  on  small  space  crafts  (  SSC  ). 

Various  ways  of  scanning  with  use  of  multielement  photoreceivers  and 
various  ways  of  construction  of  optical  system  are  analysed. 

Is  shown,  that  the  scanner  minimum  mass  can  be  realised  by  use  of  the 
three-element  mirror  optical  system  in  a  combination  with  linear  CCD.  The 
shooting  comes  in  a  frame  way  with  indemnification  of  device  axis  on  the  Earth 
surface  movement  with  the  help  of  SSC  rotation. 

The  scanner  "Vzor"  allows  to  receive  the  images  of  the  Earth  surface  by 
the  size  22x30  km  with  the  spatial  resolution  of  about  2  m  from  height  of  SSC 
flight  H=650km. 
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KOOM'IECKMX  OHTMKO-BJlEKTPOffiPiX  KAbU'liP  BBAWPlOyi^PaKA 
G  [iMWO'PUOiA ,  OGHOBHilil  IlAP/itvli'brPl:)! 

E ,  MaJiaMeja; ,  IVi .  Cokojibckw ii 
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194044  r.C.-neTepdypr,  yji.  ByryntiaH  20 
$aKc:  (812)  542-1839,  (812)  542-22B4 

B  HacTOHiueB  BpewiH  bo  mhopmx  crpoiiax  y,i];eJi®0T  caMoe  cepLOSHoe 

BHMM8HHe  coaflaHm  mbjihx,  KocMMBecKWx  aiinapaTOB  (MM),  ocHamoHHHx 

OnTMKO-aJLGKTpOHHHMK  KaMOpaMM  fltlOTaimHOHIIOrO  BOlffiMpOBaHKH  SeMJlH 

(JI33)-  npH  9T0M  pemaeTGH  iampokmI  cii'oktp  3a;ii;aB  b  HHTopeoax  lasy^eHHH 
npxpojiiHHX  pecypcoB,  ceJiLCKoro  xoBHiicTBa,  ivieTeopojiorHi'i,  KapTorpa$M 
X  MHorxx  spyrmc  oTpacJiefi  HayKW  n  toxhmkx.  UIxpoKoe  paaBtiTae  noJiy^H 
padoTH,  cBHsaHHHe  o  paspadoTKOH  KOMivjepBecKXx  cnyTUMKOB  ^BOXHoro 
HasHaqeHHH  c  bhcokmm  npocrpaHCTBCiinmv!  pGUieHiiOM  iia  iiobgpxhocth  Bgmjih 
(flio  I  m)..  ripH  9T0M.  'jCMiiiaBime  BHCOTU  Oj.)dn:T  JiemaT  b  iipe,UGJiax  600-/00  mi 
BTO  TpedPoT  ycTanoBKH  Ha  dcpry  KA  tojigceoiiob  c  .utiawioTpowi  rjiaBHoro 
sopKajia  500-800  mm.  B  cbhbm  c  gtxm, ni:)i4  oja-ioBpc.MeifflOM  orpaHHHGHHH 
no  Macco-radapHTHHM  xapaKTepwcrKKaM  m  ctohmooth  paspadoTEH  h  Msro- 
TOBJIGHHH  npGS'bfiBJmE)TCH  OHGHL  MGCTKllG  TpedOBailWH  HeilOCpGflCTBGHHO 
K  OnTHHGCKOii  CXGMe  TeJ].GCKOIia ,  TeXHOJlCrXiH  HSrOTOBJlGHT'IH  BGpKaJl, 
GOxpaHGHM)  KOB-eoTBa  TeJiGCKoria  B  ycJioirxTDc  Eet'icTBHH  ;fi;ecTadH.>i,vi3Hpyio- 
mHX  $:aKTopoB  KocMHHGCKoro  iipocTpaHOTBa -  PeuieHaeM  GTMX  lipodJlGM 


MHOrHG  rOflH  SaHHMaiOTGH  GIIGlJyiaJlHCTH  OAO  "JIOMO". 

B  KaHGCTBG  OnTHHGCKHX  CHCTGM  od'bGK'i'MBOB  KOOMWHGGKHX  TGJIGCKO- 
IIOB  (KT)  MH  paGCMaTpHBaJlH  GHGTGMH  C.ilGJiyiOIUHX  THHOB :  JlMHBOBHe , 
SepKaJlBHO-JlHHSOBHe  OGGBHG  G  PGHTpaJlBHUM  OKpailOM  H  3CpKaJlBIiO-JlWH~ 
30BHG  BHGOGGBHG  de3  PGHTpaJlBHOrO  BKpaiia .  Cp8BHHTGJIBHHt  8HaJlH3  HO- 
KaSHBaeT,  HTO  flOCTOHHGTBOM  3HH30BHX  OdBeKTHBOB  HBJliieTGH  B03M03KH0CTB 

noJiy^GHHfl  dojiBiUHX  yrjioBHx  no.;ieK,  a  ochobhhm  mx  HBflooTaTKOM.  bb- 

JlHGTCfl  HeB03M03KH0CTB  XarOTOBJlGHH.^  BUCOKOKaHeCTBGHHUX  odBGKTMBOB 

doJiBinoro  sxaMGTpa,  Tax.  kbk  npx  yBGjmHOHim  j.tHaMeTpoB  odBGKTMBOB 


pesKo  B03paoTaK)T  Hx  Macca  m  cjicmioctb  paspadoTKa  a  asroTOBjiaHan. 
HoaTowy  rjie  JitiHsoBHX  odteicTaBOB  mh  orpaHa^asaeMCH  jiaaMeTpaiaa  no~ 
pajoca  250-300  mm.  BHeooeBue  sepKajiBHue  cacTeMH  Tarae  HMerox  dojiLuioe 
nojie  3peHMH  a  MoryT  pjMeTL  jiocTaTomio  dojituioi  jnaaivieTp  apa^aa  odtea- 
Tasa.  OflHaKo,  ohh  oTaa'^aioTCH  bhcokow  paccTpaaBaeMocTB©  a  BHccKoi 
BiyBCTBaiejiBHocTBK)  K  BjiaHHMio  3KcnjiyaTaij;aoHHHx  B03j];eacTBafi.  TaaaM 
odpaaoM,  B  Hax  Tpy;E];Ho  nojiy^aTB  cpejtHec  KBaji;paTa^ecKoe  cTKJioHenae 
(CKO)  BojiHOBoro  iJpoHTa  aynuie,  bbm  (0,20+0,25)  A  ,  rji,e  A  -  cpejiHHH 
;;jiapia  bojihh  pado^ero  cneaTpajiBiioro  j!;aaiia30Ha.  IIoBTOMy  b  OAO  ’’JIOMO" 
ocHOBHoe  BHawaHHe  yaeJiaeTCH  ocesHM  sepKajiBHo-jiaHsoBHM  cacTeMaM  c 
rteiiTpanBHUM  BKpaHOM. 

B  flaHHOM  j];oK:iia«e  npej3.cTaBJieH  ojuiii  as  BoaMomax  BapaaHTOB  onTa- 
Masaiiaa  onTa-qecKoa  cxefatj  KccMaaecKorc  3epKa.jiBHo-jiaH3  0Boro  TejiecKona 
a  ero  KOHCTpyiciiaa ,  ycTaHaBaiiBaeivioro  kbk  i-ia  MKA,  tbk  a  na  doatmae 
naaT$opMu  npa  pemeHHii  HayKoeivmMx  a  aMdapHosHLix  sajiaa, 

OnHT  KocME^ecKHx  03K  noKasaji,  -qTo  BHdop  onraHecKoS  cxeMU  bbjih- 
BTCH  OfliHHM  H3  BaHCHHX  B  ^OCTaTCHHO  CJIOKHHX  BTanoB  C03Ji;aHHH  KT 
03K.  C  cTopoHH  onTH’iecKaa  cxewa  aojiaaia  odecne^stTB  <|opcEipoBaH- 

HHB  onT]aB:ecKHG  napaMGTpH,  a  c  ^ipyroi-i  -  Majme  radapuTHo-MaccoBHe 
xapaKTepHCTHKB  H  TexHojiorEiqeCKHe  bo3Mo}khoctii  ee  peajiM3£tti;nia. 

K  oHTH'qecKKM  napaMGTpaM  othochtch:  .HHaweTp  BxojiiHoro  apa^a, 

odtraHo  OTaMGTp  rxaBHoro  sepnajia  TexecKonaZ>r.3. ,  3KBHBa;iGHTH0G  $o- 
KycHoe  pacoTOHHiie  -  ,  yrjioBoe  riojie  -  ~  KpoMe  Toro,onTn- 

necKaa  cHCTGMa  xapaKTepMsyeTCB  radapuTHHMH  paBwepar,®,  TexHOJiorHH- 
HocTi)WH3roTOBJiGHHfl,  B03M0M0CTLK)  odecnGtiGHM  MHoraJyHKmaoHajiBHbJ! 
padoTH  H  T.ji;, 

^  u  yjfCA  onpasejiiTOTCB  h3  TpedoBaHW®  k  03K  no  jimiGWHOMy  pas- 

pGniGHHtO  :  /.A1  Ha  mgcthocth: 

//  1 


r^.e  -  npeflejiBHo  paapemaeMafl  03K  -qaoTOTa  TpexmiTajiBHOfi  mhph  b 
njiocKOCTH  H30(3paffieHHH  KT,  H  -  BHCOTa  opdMTH.  SHa^eHi'ie  onpe- 

jiejifleTCB  H3  BHpaKeHHH  jiJifl  oTiiomeHMfi  cHriiajia  (c)  k  rnywy  (m)  onraKo- 
-sjieKTpoHHoii  cHCTeMH  (030):^ _ 


(wL 


S^n 


(2) 


•  u/ri  - 


^(j^)  -  oTHomeHHe  cHrHaji/iuyM  spuTejiBHow  cHCTeiviH  (  C^)=4 

c  Bepofl'JHOcTBK)  0,8);  S^a  -  njKWUlB  BJieMeHTa  npEeMHUKa,  Su. 

iijioEiajiB  mnajEU  TpexmnajiBHoS  mipH:  CurHayi  C  paaeK 

■  (3, 


AV  -  KOHTpacT  odBeKTa,  £  -  sHaaenne  iteHTpajiBHoro  3KpaHnpo- 

BaHUB,  -in  -  BpeMji  HaKonjieimH  cuniajia,  fs  -  oyMviapHaa  ^ac- 
TOTHO-KOHTpaCTHafl  xapaKTepMCTHKa  03C. 

Pl3  $opMyji  (I-rS)  BHflHo,  BTo  .ujifi  Haiuiymuepo  paspeiiieHMH  cjiesyeT 
CTpeMHTBCB  K  y'BeMHeHHK)  yi/rd  .  M  GOOTBeTCTBCHHO  J\.  IIoSTOMy  npH 

/jb600+I000  MM  yloi  MosceT  cocTaBjiflTB  -  6000->I5000  mm. 

JrjioBoe  nojie  (  )  odecnetiHeaeT  Tpe(5yeMyfo  m-]^:opMaTKBHocTB 

03K,  npn  3T0M  jiKHeSHHif  pasMep  iipBemiiiKa 

PadapHTH  onTH'gecKoiT  cucTeiv'iti  bo  mhobom  onpeaejiBioT  radapHTHo- 
-MaccoBHe  .xapaKTepBCTHKH  031{a,  saBMCOTe  ot  sHaweTpa  rjiaBHoro  sep- 
Kajia  (PS)  ~Z?r.  o  -ZZ,  flJIHHH  t-  paCCTOHHi'm  -  OT  BepOIHHH  BTOPKH- 
Horo  sepKajia  (B3)  .riio  hjiockoctk!  ripHeMiiBKa,  pi  cHCTeMH  djienji;  jiiJiH 

SaUHTH  $OKaJ[BHOil  njIOCKOCTH  OT  nOCTOpOHHMX  SaCBBTOK. 

OnTH-gecKaa  cHCTewia  .nojimia  odecnetjHTB  iipaKTM^ecKyio  peajiHsaiiHW 
03K,  dHTB  jiocTaTOHHO  TexiiojiorpiHHOB  B  npori;ecce  wsroTOBnetiPiB  H 
HO0  B  ycjioBHflx  3K»riJiyaTari;p!H . 

Mcyfojiifl  ns  BHfflecKasaHHoro,  paccMOTpHM  npMi-mwriH  nocTpoeHBfl 
OlTTHtieCKOt  CHCTeMH. 


ITpHHiiiHnHajiLHaH  KJiaccH'^iecKaH  oiiTH-gecKan  cxewa  (OC)  KT  nnKasana 
Ha  PMC. I  H  cocTOHT  H3  IT?  -  I,  Bo  -  ,  KoppeKTopa  iiojiGBux  ac5eppa- 

BH-t  -  3  ^cBeT03aii]iH7;^iEX  6jieup.XT'^i'^cin  KOHCTpyKnuH  OC  flocTaTOHiio  jijltae- 
Han.  SHffpeHHe  ^  ^  -  EojiBiuHe  ratfapw- 

TH  ycyrydjIHlOTCH  HaJIHHHGM  dJIGHJIH,  BJIMHa  KOTOpofi  MOaCGT  dHTB  6ojiee 

0,1  . 

IfeBGCTHH  OnTH'IGCKHG  CXGrvIH  (pMC.2)  C  npOMGHyTOtlHHM  WaodpaSCGHH- 
GM,  BaBaeMUM  sepKajiBHoi!  cHCTGMofr  (30):  03  h  B8,  noBBciiHrouiHe  hckm)- 
^TL  BXOflHytO  djIGHJiy  -  4  (pHC.I)  H  TGM  Cai\flHM  yMGHBfflHTI)  JUIHHy  CHCTe- 
MU. 


OcTaHOBHMCH  HB  3T0H  KOHCTpyiCHHH  00  H  paCCMOTpilM  66  HO^tpodHee. 
0(5o3HaHHivi:  J^.c  -  $oKycHoe  paccTOHHHe  aepKajiLHon  chc- 
TGMH  1-2,  ^  -  MUGHHoe  y'BejiHHeHMG  KoppeKTopa  -  3  nojiGBHx  adeppa- 

i;hh  (UK). 

Toraa 

J Md  ~  '^3x ^  ■  (4) 

luHetag  pasMep  (  )  HsodpaKeHna  b  (JoKajiLHoft  hjiockocth 

30  paBGH  / 

■  ^Ic 

IleHTpajiBHoe  BKpaHHpoEaHHe  S  00  oiipe;];exHe’rcH  oTHomeHHewr 

c  =  ‘^■a.Sa  ^  -  juziai./iGTp  BTopiiaiioro  sepKajia. 

Z?,r.3. 


TorBa,  HaHdojTbmGe  yrjicBoe  nojre  mokho  onpejiejiHTB  H3  ycjioBHH: 
Or> 


oTKysa  HaxoffiiM: 


■f-/  g, 


/73 


(6) 


Jljm  cpaBHeHM  noKaseM,  hto  b  00,  nooTpoGHHog  no  cxgmg,  noKa- 
saHHoS  Ha  pHc.I,  nojiaraa  hto  hjiockoctb  HsodpaKGHHH  iiaxo^Tca 


B(jjiK[3H  I(|i,  yrjioBoe  nojie  onpeflejiHeTCH  H3  ycjioBM 

Il3  $OpiViyjI  (6),  (7)  BIPP-IO,  HTO  B  CXeMG  C  npOMeJKyTOBlIliM  HSOdpa- 
KeHHeM  yrjioBoe  nojie  mokho  yBe^iuBHTB  b  y^pas. 

TaKBM  odpasoM,  OC  c  iipoMeH^TowiM  HscdpameHHeM  c  ripoeKnHOHHHM 
KcppeKTopcM  (UK)  nojieBHx  adeppapHfi  odjiajiaeT  ^yMH  cymecTBeHHHMH 
JtOOTOHHCTBaMH:  HCKJIIOHaeT  HeodXOOTMOCTB  BBe^^entlH  GBeTOSaU-lXTHOft 
H  nosBOJiHeT  yBejiH^HTB  yrjioBoe  nnjie  b  pas. 

PaccMOTpHM  nyTH  nocTpoenufl  PC  c  npoeifpKOHiiHM  KoppeKTopoM  nojie- 
BHX  adeppapH®.  OC  TejiacKona  pa3,ir.ejiHM  na  ,HBe  BacTii;  sepKajiBiiyro, 
OOCTOHlIiyK)  MS  13  H  B3,  H  IlK. 

Bo3mokhoctm  3ePKa.nBr!ciH  owcTer.iH  (3C)  b  BacTH  KoppeKUHM  adeppa- 
itMS  orpaHHHeHH.  Ecjim  noBepxHocTW  13  ii  B3  -  aocjjepiiBecKMe  c  SKCiieHT- 
pHCMTeTawH  if,  M  ^  ,  TO  B03P4()]Knc  MciipaBjieHMe  ^eyx  £ideppaij;MM ,  iianpH- 
Mep,'  c^epMHecKoii  h  koi^  ;  acTwrMaTMSM  ne  MoiipaBjmeTCH. 

nojioscMM,  TJTo  cJoKajiBHan  iiJiocKocTB  50  coBuajtaeT  c  BepmHHol!  13. 


Torsa  KoHOTpyKiJ[M£  jpByxsepKaJiBHofi  cMCTeMH  saBMCMT  tojibko  ot  oflHoro 
napaMejTpa  -  paccTOHHHH  wexoiy  BepiUMtiaMH  flByx  sepnaji  flj. 

npHMewf  $OKycHoe  paccTCBHne  3C  sa  I.  TorB;a  HopwiMpoBaHHue  oiitm- 


BGCKMe  GHJiH  sepKaji  K  paccTOHHMe  Mesyiy  BepmuHaMH  sepKaji  paBHH 

i/j  ,-f-y  ■  f  isLi  ■  '  d  =  ^ 

hj,  d  ^  J  '6.3  d'-^  '  d‘s.c  ■ 

KpHBHSHa  03odpa!KeHHH  xapaKTepHsyeTCH  KO8$$Hii0eHTOM  '5? 


H  saBMCMT  TOJIBKO  OT  OHTM'qeCKHX  CMJi: 

Sli 

UeHTpajiBHoe  aKpaHMpoBaHMO  S^d  ne  hojihchc  npeBumaTB  sna'^e- 
HHB  0,3  ,  T.K.  c  ero  yBejiM^oHMeM  pesKo  na^taoT  KoHTpacT  na  cpenHHX 
nacTOTax,  dJiHSKMx  no  cBoewy  sHaBOHMio  k  nacToTo  HaSKBMCTa. 

Torsa,  npH  d  =0,3  v^=2,II  h  KpMBMSHet  MsodpaaceHHjs  He  McnpaBJiH- 


eTCH. 


TaKHM  odpaaoM,  HK  npH  3aji;aHHOM  sHa^eHHH  yBejiH^eHM  ^  Rojimn 
KOMneHcupoBaTL  acTHmaTHSM  e  KpiaBusHy  SC/T.e,.  aorarMaTHSM  h  kph- 
BH3Ha  H3oc5pa®eHKH  IlK  flojiHCHH  c5htb  paBHH  no  sejiM'qHHe  E  oc5paTHH  no 
3HaKy  adeppantKHM  3G,  a  ocTaMHe  adeppaunn  HK  -  ^jcnpaBjieHu. 


OcTaHOBHMCH  Ha  flJiKHe  3C.  3C  onpe^ieMeTCH  BossyniHHM 

npoweacyTKOM  dp. 

0(503HaHilM 


-  d^.c 


.  -  dk 
^2  ~  ;;; — 
'^r.9, 


Torjta 

dp  ~  d 


(8) 


OTHOCHTeMOe  OTBepCTHe  re  (K03$(|:HLi;iieHT  K2)  CBHSaHO  c  OTHO- 
CHTejIBKHM  OTBepCTHeM  3C  (KOS^^HHneHT  Kj-)  COOTHOUieHHeM 


OTCiofla  bhbho,  hto  yMeEbuieHne  K03$$nHHeHTa  Kj,  a  cjiefloBaTejiBHo, 

H  dp  orpaHHHeHo  o'fiaocHTejiLHtra  oTBepcTweM  re.  Hanpwiviep,  npn 
cf  =  (/  =  OP 30  !  =  2,33  ;  npHHHMae  K2  =  ==2,  Haxoj;nM 

Kj=4,66  H  0,3*4,66  paBHa 

1,4  ^liHaMeTpa  13. 

SHaneHiie  K03$$H:m!eHTa  K2  onpej^ejineTCH  flByMH  $aKTopaMn. 

I.  Tpyfl;oeM«ooTBK>  HsroTOBJieHM ,  KOTopan  xapaKTepHsyeTCH  BejiH- 
HHHoi  d  oTKJioHeHneM  ac^epHHecKon  nosepxHocTH  ot  c^epunecKot 
d  =  S^^r.3  , 

HanpHMep,  iipn  (f  =1,  Z'^p^g^-SOO  mm,  K2-2  HaxoflHM  <5-80  mkm. 
npH  CTojiB  dojiBimix  sHaneHiiHX  d  Tpyji;oeMKocTB  msbotobjighkh  Kpa^-ne 
BHCOKa,  Kpowe  Toro  pesico  BospacTaioT  Tpec5oBaHiifl  k  KOMneHcaunoHHoS 
cxeMe  KOHTpojiH,  B03H:nKaK)T  cepLesHHe  Tpyjj;HocTH  B  nojiyneHMH  TpecSyeMoro 
ypaBHeHHH  $opwiH  nOBepXHOCTB. 


2.  y»ecTo^eHKieM  TpecSosaHufi  k  to^hocth  ycTaHosKia  B3  b  TejiecKone. 

CwiemeHEie  B3  rrepiieHj;iiKyjiHpHo  onTHHecKci!  och  h  ero  HaKjioHH  BHSHBaiOT 

jtepeHTpnpoBaHHHe  acJeppaman  no  Boeiviy  nojiio  HsodpaKeHTin.  Tan  BOJiHOBan 

r.  3 

adeppauufl  fleiieHTpnpoBaiiHDi!  komh  iiponopuMci-iajiLHa  K2  ,  acTHnvia- 
2 

TUBMa  -  K2  . 

IloBTOMy,  Hanpm/iep,  npw  nepexo^ie  ot  sHa^eHHif  K2=3  k  K2=2 
TpecSoBaHHfl  K  To^HooTK  ycTaHOBKn  B3  yscecTonatoTCH  6ojiee  -gewi  b  3  pasa. 

IIOBTOMy  npH  BHdope  OTHOCHTejIBHOro  OTBepCTMH  13  CJieflyeT  jnHTH- 
BaTB  Bce  3TH  $aKTOpH. 

BTopan  ^acTB  OC  TejiecKona  -  npoeK-dHom-iHlt  koppoktop  (nT{)  nojie- 
BHX  aPeppaiina. 

PaccMOTpHM  npuimHnnajiLHue  oriTHnecKne  cxewiH  DK. 

I.  BK  -  ojaB03?*i)KajiBHoe  ac$epHHecKoe  sepKajio  (pnc.S) 

OnTij|iecKan:  cxeMa  npefljioKena  h  HccjiesoBai-ia  Kopmewi  [  . 

CivieineHHoe  c  onTH^eoKofi  oon  (A)  HsoPpaKeHne ,  ^taeaeMoe  30,  nepeHocuT- 
cfl  IIK  c  yBejiiiB:eHiieM  SKcneHTpHCHTeT  TpeTBero 

sepnajia  BBJineTCfl  sonojiHHTejiBHHM  adeppaixnoHHHM  napaivieTpoM,  nosBojiHio- 
mi5M  HcnpajBHTB  acTHrMarasM  30,  a  noji;PopoM  ero  onTnnecKo0  chjih 
M05KH0  yCTpaHHTB  KpHBH3Hy  EI306pa3KeHHfl ,  IipH  3TOM  flOJIKHO  BHnoranTBCH 
yOJIOBHG 

TaKiiM  odpasoM,  c  adeppannoHHOH  TonKH  speHHH  Ta.Koe  nocTpoenne 
UK  yjta’quo,  t.k.  o(5ecnen:HBaeTcn  xopomee  KanecTBo  nso^paKeimfl  no  Bcewy 
nojiK).  ycTanoBKoi^  BonoiLHiiTejiBiiHX  hjiockhx  sepnaji  (ne  noKasaHHUX  na 
PKC.3)  mokho  yMeHBniHTB  jtJiHHy  OC.  OjcnaKo  TaKoii  M  o(3jiaji;aeT  HecKonB- 
KHMH  rrpzHminnajiBHHMH  HejtocTaTKaM: 

-  TpedoBaiize  zcnpaBjieHHH  kphehshu  H3o6pa®eHHH  orpanz'^HBaeT 
niZpOKZe  B03M0EH0CTH  BapBzpoBaHHH  yBejIHHeHHeM 


I 


-  KpaifHe  secTKHs ,  Tpyj^Ho  peannsyeiviHe  ho  upaKTHKe  TpedosaHHH 
K  TOHHOCTH  BHa^eHHfl  3KCI|eHTpiJCMTeTa  dj  '  .  Jl,OnyCTHMOe  OTKJIOHeHKe 

cocTaBJweT  iweHee  0,1-  hto  TpedyeT  cosflaHM  ynHKajiBHHX 
cTeHjtoB  KOHTpojia  sepKajia. 

-  BojEBUiHe  rabapHTH  sepi-cajia,  cseTOBofi  paaiwep  sepKajia  npu  (5ojib«- 

iDHX  yrflOBHX  nojiHX  :  cocTaBjiaeT  BejiH^HHy  Pojiee  0,5  pasMepa  13. 

yKasaHHue  Hej];ocTaTKH  He  nosBOJintoT  cosBaTB  MajioradapwTHyio , 

MHoro^yHKUHOHaJiBHyio,  TexHojiorHHHyra  OG  TejiecKona. 

(pKcVj. 

2.  IlK  ~  JiHHSOBaii  c0CTeMa,VT.’eopeTJziHecKH  jiHHSoBaa  CHCTeMa  peinaeT 
3a;n;a^  •IIK.  Ona  cootoht  hs  Kojc^iieKTHBa  (3) ,  ycTaHoBJieHHoro  bPjihsh 
npoMeKyyoHHoro  HsodpasceHiifl,  ji;aBaeMoro  3C,  m  .jihhsoboS  npoeKmaoHHo:^ 
CHCTeiVIEI  .(4).  OjIHaKO  KCHCTpyKHWH  J1HH30B0M  OITTHHeCKOli'  CHCTeMH 
JliOCTaTOHHO  CJIOaLHa. 

HaMH  npeflJioKeHH  h  paspaPoTamj  MajioradapHTHHe  onraHecKHe  cxe- 
MH  EK. 

npuHimiiHajiBHaH  onTHHecKaji  cxeMa  noKasaHa  Ha  piic.S. 

IIK  . -  3epKajIBH0-JIHH30BclH  CMCTeMa,  COCTOHmaH  H3  KOJIJieKTHBa  -  4, 
ycTaflOBJieHHoro  BdJuasH  $oKajiBHo0  iijiockogth  oC,  h  opoeKBHoiiHoro  sep- 
KajiBHo-jiHH30Boro  KOMHOHeHTa  -  3,  cocToamero  ms  c^epiiHecKoro  aepna- 
Jia  IS  ycTaHOBJieHHoro  nepejt  hhm  jmHsoBoro  ysjia.  TaKne  CHCTeMu  HasH- 
BawTca  MesMajiBHUMH  h  b  KaaecTBe  KoppeKTopoB  adeppaHHt  odiraHo  He 
HCnojIBSOBaJIHCB. 

CMemeHHoe  c  onTHHecKow  och  npoMesyTonHoe  HsodpasceHHe  -  A 
nepeHocHTCH  b  hjidckoctb  npueMHHKa  -  o  yBeanHeHMeM  . 

npeHMyuiecTBaMH  TaKO®  icoHCTpyKHHH  rjl<  HBJiflK)TCfl  cJiejiyioiiiiie : 

I.  BucoKHe  adeppaimoHime  bosmoehocth.  ril;{  odecneHHBaeT  KaaecTBo 
HSodpaEeHHH  TejcecKona,  djiiisKoe  k  SH^paicmiioHHOMy  b  dojiBinoM  jmanasoHe 
yraoBHX  jiojiet. 


2.  Majme  racSapiara.  IIpHMeHeHne  KoitJieKTHBa  4,  npoeKTupywero 
BXOflHot  apa^oK  OC  bcSjuish  c^epH^ieoKoro  aepnajia  IIK,  BoaBOMeT  ywreKB- 
lUHTB  ero  cBeTOBoj^  jiHaweTp  jto  pasMepoB  Menee  0,2/-?r.3. 

3.  SHCOKaB:  TexHOjiorH^HocTB.  rtK  -  coctoht  hs  onTH^ecKHX  j;eTa- 
jieit  CO  o$epH'qeoKHMH  noBepxHocTawH  c  Tpa^uHpHOKHtiMH  TpePoBaHnaMH  k 

TOHHOCTH  jasrOTOBJieHMH. 

4,  liinpoKH0  HHTepBaji  yBejiHaeHUjf  ,  peaMsyewax  jiaHHofi-  koh- 
cTpyKmie&. 

5,  Bosmohkiootb  cosBamia  OC  ;i;jch  pemeHHH  ii4Hora|yHKii;KioHajiBHHX 
aajtaa.  TaKHMH  aajiaaaMH  hbjbiiotch: 

-  BHCOKOfleTajiBHaa'  (BKcoKopaapemaiomaa)  cBewiKa.  KaK  bh;^ho  h3 
$opMyji  (1-3)  a^ecB  TpePyeTca  OC  o  HaHPojiBuiHwi  BHaaeKHeM  BKBHBaaeHTa 


$OKyCHOrO  paCCTOflHHH, 
1' 

J^KB> 


T.e. 

//  .  B 

Jsx  J  fr)(X\ 


/ 


r^e  HsiHdoaBmee  sHaaeHHe  yBejuaneHiiH  :[IK. 

IK  upoeKTiipyeT  ^bctb  npoMeatyTo^oro  HsodpaKeHUB,  jiaBaeworo 
30  B  njiocKOOTM  BHCOKopaapemawmero  npneMHiiKa. 

”  OdaopnaH  CBeMKa.  SjtecB  hboOxo^mo  bob  npoMeKyToqnoe  H3o(5pa- 
seHHe  30  nepenpoeETupoBaTB  b  hjicckoctb  HHSKopaapeniaioitiero  npHewHUKa 
c  yBejiH^eHKeM  ^fnia  .  OKSHBajieHTHoe  $oKycHoe  paccTOHHne  paBHo 

yXra  ■ 

-  llBeTHaa  CBeMKa,  3ji;ecB  OC  oTpowT  KaoPpaKenne  oPteKTa  b  cHHeS, 
aeseHoif  h  KpacnoJi  odJiacTHX  cneKTpa  oBHOBpeivieHHO.  Jiim  aToro  b  onTn- 
HecKyBD  cxeMy  EK  bboj^htch  i];BeToji;ejiMTejiLHHM  npiiaMeHHHif  (5j[ok,  aHano- 
djioKaM,  npBMeHHewwM  b  cBOTeMax  uiBeTHoro  TejiesHjteHHH,  yfiejiM- 
qeHHe  IIK  moxgt  (3htb  b  HHTepBajie 


JlJiH  peajiii3amiii!i  Mtioro^yHKiinoHajiBHoJf  cBCTeMB  ycTaHaBjiHBatoTCfl 
HecKOJiBKO  IIK,  Kaayijii^  h3  kotophx  npoeKTMpyeT  oTBejiBHyio  30Hy  npoMe- 
wyTo^oro  HsodpaaceHHH  Ha  OBot  np^eMHUK. 

npjajtttmnHajiBHaR  cxeMa  TaKot  cHCTewH  noKasana  Ha  pnc.G. 

Ha  phc.6  30Ha  A  IIK  -  4,  3  npoeKTHpyeTca  na  npHeiviHHK  k' , 

I  <  ' 

a  30Ha  B  ‘  IIK  -  4  ,  3  -  he  npHeMHHK  B  . 

B  KanecTBe  npKMepa  iia  pjKC.7  noKasaHa  KOHKpeTHaa  peajiHsapHH. 

Ha  pHc.y  : 

I  -  IS,  2  -B3,  3,4  -  OTyXJIHHSOBHM  KOJUieKTHB ,  5,6,  I0,II  ~ 

-  njiocKHe  sepKajia,  7,8  -  j[;ByxjmH30BHfi  npoeKUHOHHHM  KOMnoHeHT,  Ha 
noBepxHocTB  jm'HSH  8  HaneceHo  sepKajiBHoe  ncKpHTue  -  9;  12  >-  npueM~ 
HHK  HSC-jiHHeta.  Bee  onTMecKwe  ajieMeHTH,  3a  HCKJiioHeHHeM  B3, 
ycTanaBJiHBaioTCH  na  naaT^JopMe  13, 

i' 

TejiecKon  HMeeT  cjiejiy'iomB'e  nnTH-qecEne  napaMeTpti:  j  =6200  mm; 

2uJ  =1°;  /:)j,^g^=600  wm;  >0.3^3^=176  mm,  dp  =750  mm,  8  =0,30  . 

IIpoMextyTOHHoe  HsodpaseHHe,  ji;aBaeMoe  3C,  pacnojiosceHo  Mesay 

JIHHSaMH  ..KOJUieKTHBa  H  J^JUl  y,H06CTBa  KOMIiaHOBKH  CMemeHO  OT  BepUIHHH  rs. 

B  njiocKocTB  nOiG  npneMHHKa  npoeKTHpyeTCH  30Ka  npoMemyTCHHoro  hso- 

6paKeHHH,  cMeuieHHae  TaKSte  c  ocpi  Ha  43  mm.  JIjih  HcnpaB;ieHHH  xpoMa- 

TMSMa  nOJIOKeHHH  H  yBeJIHHeHMH  -  KOMeKTMB  flBy,XJIHH30BHt,  HMdeT  yBB- 

jiHHeHHe,  dJiHSKoe  k  eOTHHues,  a  jihhsh  BanojiHeHU  m  KpoHOBoro  h 

$JIHHTOBOrO  MaTepHaJia.JT,ByxJii!I-I30BHi1  npoeKHHOHHLIH  KOMHOHeHT  7,  8 

npoeKTupyeT  npoMeayTCHHoe  H3odpaKeHne  c  =2  n  KoMnenenpyeT 

nojieBHe  .adeppsmHH  30  -  acTnrMaTH3M  h  Kp^BusHy  MsodpajiceHBH.  Ode 

J0HH3H  KOMHoHenTa  BKHOJiHeHH  H3  oBHoro  MaTepHEJia  -  K8 ,  a  c^epHnec- 

sepKajiBHoS 

Koe  sepKajio  coBMemeHo  noBepxiiocTBio  jihhbh  8  . ,  ilJiocKiae  sepnajia 
5,6,10,11  nosBojiHtoT  cKOMnoHOBaTB  onraneoKHw  Kanaji  Ha  odmet  gothoJi 
HJiaT^opMe  13, 


B  peayjiLTaTe,  B  mupoKOM  cneKTpajiBHCM  iiHiepBaiie  0,5-0, 8  mkm 
B  iLaocKocTH  HsodpaacGHHfl  no  Bceivry  nojiio  cjiejiyiomHe  sHanennH  ^IM: 


■^acTOTa  ^ 

jmH 

MM 

20 

30 

40 

50 

T  (  ) 

0,76 

0,65 

0,53 

0,44 

•  ^ 

nojiy^eHHHe  SHa^enwH  HesHaniiTejiLHo  oTjmnaiOTCii  ot  HjieajiBHoS 
desadeppanHOHHofi  cncTeMu.  $opME:poBaHHH  BToporo  KanaJia  moikho 
BTOpiIM  npOeKlIHOHHHM  KOMnOHeHTOM  (hG  nOKaSSHHHM  Ha  pnc.  7)  npOGKTZ- 
poBaTB  j:pyryD  aony  npoMGStyTOHHoro  nsodpa^KeHnn,  HanpHMep,  CHMMe- 
TpnHHyio  nGpBoii,  b  iljiockoctb  npHGMHHKa  c  cooTBGTCTByioinHM  yBGJinqe- 
HHGM.  JIm  yflOdCTBa  KOMIIOHOBKH  3T0T  KaHaJl  MOJKGT  dHTB  paCHOJlOKeH 

nepneHOTKyjiHpHo  nepsowy. 

CoBMecTHO  c  HIIO  ManjHHocTpoGHHH:  paccMO-rpGHH  ^;Ba  BapnaHTa 
pasMGqeHHH  03K  Ha  MA  (puc.  8): 

1.  PasMGmeHHG  03K  noj  odTGKaTGJiGM  MKA  b  cTapTOBOM  (na  ynacTKG 
BHBGJIjeHHH  Ha  Op^HTy)  H  paC50HGM  n0J10}KGHra  (hS  OpdilTG)  G  pacnOJlOKG- 
HHGM  BHBHpHoa  ocH‘ -03K  nGpnGHflHKyjiHpHo  npo;];ojiBHoM  ocH  MKA  (BapnaHT  I) 

2.  paSMGmeHHG  03K  noji;  OdTGKaTGJlGM  B  CTapTOBOM  nOJlOKGHHH  (na 
ynacTKG  BHBeaeHHH  Ha  opdnTy)  c  pacnojiosGHHGM  bhbhphoS  ocn  03K 
BjtoJiB  npoji;ojiBHofi  ocH  MKA  n  nocjiGjiyioninM  hgpgbojiom  gg  b  padonee  nojio- 
EGHHG  (nocjiG  BHBG^UGHHH  Ha  opdOTy)  nyTGM  pasBopoTa  03K  no  TaHrasy 

Ha  yroji '90°.  (sapHaHT  2). 

HaBej^GHHe  03K  Ha  sajiiaHHHG  odBGKTH  obgroch  b  mnpoKofi  noJLoce 
odsopa  (so  +45°  no  Kpeny),  a  TaKEG  riojiynGHne  ctgpgochumkob  (pasBO- 
poTa  no  TaHra*y  so  +30°)  MoryT  dHTB  odecneneHH  kbk  sa  chgt  ycTano- 
bkh  03K  B  cneniiajiBHoe  noBoporaoG  ycTponcTBO,  tbk  h  sa  chgt  pasBopo- 
TOB  Bcero  MKA. 

ripH  3T0M  OdecneSHBaiOTCfl  CJlGSyiOmHG  TOHHOGTHHG  H  SHHaMHHGGKHG 


xapaKTepHCTHKH  oHCTeiffl: 


-  yrjiOBHG  cKopocTH  pa3BopoTOB  pasBopoTOB  03K  (no  yrjiaM  Kpena 
H  TanraKa)  -  4^VceK. 

“  TOnHOCTH  paSBOpOTOB  H  CTadHJIHBanHH : 

a)  no  opneHTarnra:  +3-5  yrji.MHH.(no  Kypcy) 

+  5-7  yrji.MHH..  (no  Kpeny  n  Tanraasy) 

6)  no  CTac5HJiH3aii,Hn:  +1-2  yrji.MMH.  (no  bcgm  ochm) 

b)  ocTBTonHHe  yrjioBHe  CKopocTH  GTadHJiHsanHH  -  He  dojiee 

0,001  yrji.rpaflfc 

KoHCTpyKmw  miai^opiviH  MKA  oc5ecnenHBaeT  Tpedyewyio  acecTKOCTB  h 
CTadnjiBHOCTB  yrjioBoro  nojioaceHHH  03K  oTHOCHTejiBHo  npndopoB  cyj[  MKA 
(rnpoiiJiaT$opMH,  3JI,,  HKB  h  ap. ) 

GHCTeMa  TepMoperyjmpoBaHHfl  MKA  o(5ecnenHBaeT  TeiwnepaTypy  noca- 
flOHHoro  MecTa  onTiiKO-MexaHHnecKoro  dJiOKa  03K  b  snanasone  ot 
MHHyc  IO°C  flo  +  40°C.  Bojiee  JKecTKne  TewmepaTypHHe  perawiH  c5jiokob 
03K  (sepKaji,  odBe^^naBa ,  $OTonpneMHHx  ycTpoiicTB  n  jn;p. )  odecnemsBa- 
lOTQH  aBTft»HOMHHMii  ycTpoScTBaMK  TepwiocTaTHpoBaHnn  caMoM  03K.  JOlH 
yjiynrneHHH  TenjioBoro  peatHMa  padora  03K  na  net  ycTanaBJiHBaeTCH 
KpHoiKa-dJieHsa ,  OTKpHBaeiwaH  na  Bpewia  padoTH  (cBesvacH)  03K. 

OcHOBHtie  TexHUBecirae  xapaKTepncTHKn  03K  c  iiaHxpoMaTunecKnM 
H  wyjiBTHcneKTpajiBHHMH  KBHajiaMH  npuBefleHH  B  TadJinpe  I. 

CnnooK  JiHTepaTypH 

1.  r. r. CjiiocapeB.  PacneT  onTHnecKnx  cncTeM,  1975.  Maiu. 
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OPTICAL  SYSTEMS  FOR  SMALL-SIZE,  MULTI-FUNCTIONAL 
SPACE-BASED  ELECTRO -OPTICAL  CAMERAS,  INTERRELATION 
WITH  THE  PLATFORM,  BASIC  PARAIVlETERS 


Ye.R.Malumed 
,  Chief  designer 
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20Chugunnaya  Str.,  St.  Petersburg  194044 
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Currently,  many  countries  pay  much  attention  to  creation  of  small  spacccraB  (SSQ 
equipped  with  electro-optical  cameras  for  the  Earth  remote  sensing  (ERS).  Such 
spacecraft  are  intended  ^fijr  a  wide  range  of  applications  in  the  interests  of  study  of 
natural  resources,  agriculture,  meteorology,  cartography  and  many  other  branches  of 
science  l  technology.  Commercial  dual-purpose  sateUites  tliat  produce  high-resolution 
images  of  Ihc  Earth  surface  (up  to  1  m)  are  being  developed  in  a  number  of  countries. 
Typically,  orbit  altitudes  lie  vdtliiu  a  range  of  500-700  km  which  requires  mounting 
tdescopes  with  the  main  mirror  diameter  of  500-800  mm  on  board  the  spacecraft. 
Because  of  this  constraint,  with  simultaneous  constraints  on  mass,  dimensioasm,  cost  of 
development  and  manufacture,  very  hard  requirements  are  fonnuJated  to  the  telescope 
optical  system,  mirror  manufacturing  technology,  preservation  of  telescope  quahty  under 
conditions  of  destabilizing  factors  of  space  environment.  LOMO  OTSC  speciahst  have 
been  for  many  years  solving  such  problems, 

Wc  have  consideroi  systems  of  the  following  types  as  space  telescope  (ST)  lais  optical 
systems:  lens-type  systems,  miirror-lens  axial  systems  with  a  central  screen  and  mirror- 
lens  off-axis  systems  without  a  central  screen.  Comparison  has  shown  that  advantage  of 
lens-type  systems  is  a  possibility  of  obtaining  big  angular  fields  while  their  main 
drawback  is  impossibility  of  manufacturing  big-diameter  high  quality  lenses  because 
with  increase  of  lens  diameter,  their  maiss  and  diillcultics  in  development  and 
manufacture  rise  sharply.  That  is  why,  as  concerns  lens  sj'stems,  we  restiict  ourselves  to 
diameters  of  the  order  of  250-300  mm.  Off-axis  mirror  systems  also  have  a  big  field  of 
view  and  can  have  a  big  enough  dimeter  of  the  lens  pupil.  However,  they  are  liable  to 
lose  alignment  and  are  very  stmsitive  to  operational  environment.  ITterefore,  it  is  difficult 
to  get  root  mean  square  (RMS)  deviation  of  the  wave  front  better  than 
(0.20  0.2^X  where  X  is  a  mean  wave  length  of  the  working  spectral  baud,  'fhat  is  why 
LOMO  OTSC  pays  main  attention  to  axial  mirror-kns  systems  with  a  central  screen. 

This  paper  presents  one  of  possible  variants  for  optimization  of  an  optical  scheme  of  a 
space  mirror-lens  telccsope  and  its  design  mounted  both  on  SSC  and  on  big  platforms  for 
scioice-iutensive  and  ambitious  applications. 

Experience  in  development  of  EOC  has  shown  that  selection  of  an  optical  scheme  is  an 
important  and  rather  complicated  phase  in  creation  of  ST  for  HOC.  On  the  one  hand, 
the  optical  scheme  must  ensure  very  high  optical  parameters,  on  the  other  hand,  it 
should  have  small  mass  and  dimensions  as  well  as  technological  (manufacturing 
possibility  of  its  realization. 

Optical  parameters  include:  diameter  of  the  inlet  pupil  D,  typii;:ally  diameter  of  the 
telescope  main  minror  Asm.,  equivalent  focal  distauce/equiv,  angular  field  2(d;  beside  that, 
an  optical/nystem  is  characterized  by  dimensions,  adaptability  to  manufacture,  capability 
to  ensure  i^iulti-mode  operation,  etc. 


D  andj^i^v  are  detcxmined  from  re<^uiremeuls  to  EOC  in  temis  of  linear  resolution  on 
the  terrain  Lt: 

I  H  L  (0 


/e 


where  vt4><i  is  maximum  aUlowable  by  EOC  frequency 
of  three-bar  test  object  in  the  ST  image  plane,  H  is  orbit  altitude,  The  value  of  is 
determined  from  the  exrcssion  for  the  ckctro-optical  system  signal  (S)-to-  noise  (N) 

-“V  (_U  ' 

N  //  4eOC  Hqz  (2) 

where  t(p)  is  a  signal-to-noisc  ratio  of  the  visual  system  (  'i'lp)  -^\  with 
probability  of  0.8),  is  receiver  clement  area,  Sbm  is  tlirec-bar  test  object  bar  area: 
Signal  S 18  equal  t  o 


5=2KtC^;ra-£^)t^'Tj^) 


(3) 


where  Kt  is  object  contriist,  £  is  the  value  of  central  screening,  is  signal  accumulation 
time,  Tr(v)  is  a  total  EOC  frequency-contrast  characteristics. 


It  follows  from  formulas  (1+3)  that  in  order  to  get  the  best  resolution,  it  is  reasonable  to 
try  to  increase^uiv  and,  respectively,  D.  That  is  why  with  D  -  600  +  1,000  mm,yiqwv  can 
be  6,000  - 15,000  mm. 

The  angular  field  (2cd)  provides  required  EOC  mformaliou  content;  with  that,  the 
receiver  linear  dimension  is  2y  =/«nuiv  *  ig2<J  • 


Optical  system  dimensions  determine  to  a  great  extent  HOC  dimensions  and  mass  that 
depend  on  main  mirror  (MM)  diameter  -  Dum.,  —  A  length  t,  i.e.  distance  from  the  top 
of  the  secondary  mirror  (SM)  to  the  ret^eiver  plane,  and  a  system  of  lens  hoods  to  protect 
the  focal  plane  against  foreign  iUmoination. 

The  optical  system  must  provide  practical  realization  of  E(X!),  be  sulticienily  adapted  to 
manufacture  and  reliable  m  operation. 


Based  upon  the  above  assunxptions,  let  us  diesuss  principles  of  the  optical  system 
building. 

A  basic  classical  optical  scheme  (OS)  of  ST  is  shown  in  Fig.  1  and  it  consists  of  MM  I, 
SM  2,  field  aberrations  <x>rrcctor  3,  lens  hoods  4.  Such  OS  design  is  relatively  long.  The 
value  +  0,2S)j’^^,tv-(2,5'i-jjD^.^The  lens  hood  adds  to  big  dimensions,  its  length 
can  be  more  than  O.iy^uiv. 

There  exist  optical  schemes  (Fig.  2)  with  an  interim  image  produced  by  the  mirror  system 
(MS):  MM  and  SM  thal  allow  to  exclude  the  input  hood  4  (IP'ig,  1)  and  thus  reduce  the 
system  length. 

Let  us  dllcoBs  this  OS  design  in  more  detail. 

Let  us  define  focal  distance  of  the  imirror  system  1-2  as /m.s.. ,  linear  magnification  of  the 
field  aberrations  corrector  0*C)  3  as  p. 


Then 


(5) 


The  linear  size  ( j  )  of  the  image  in  the  OS  focal  plane  is  equal  to 


OS  centxal  screening  £  is  defined  by  a  ratio 

h 

where  Ajn’^is  the  secondary  miiTor  diaoKeter. 


Then,  the  biggest  angular  field  can  be  detekined  from  the  condition 


wherefrom  we  find: 
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(6) 


For  comparison,  let  us  show  that  on  OS  built  according  to  the  scheme  sliown  in  Fig.  1 
under  an  assumption  that  the  image  plane  is  close  to  MM,  the  angular  field  is 
determined  from  the  condition 


g  ■  D 


2.C0  ^  — -j 


MM 


(7) 


a 

It  toliows  from  the  formulas  (6),  (7)  that  in  the  scheme  with  an  interim  image,  the 
angular  field  can  be  increased  by  p  times. 


Thus,  OS  with  an  interim  uuage  and  vdth  a  field  abenatious  projection  corrector  (PQ 
has  two  advantages;  there  is  no  need  in  a  lens  hood  and  the  augiular  field  can  be 
increased  by  p  times. 


Let  us  discuss  ways  of  building  OS  with  a  field  aberrations  projection  corrector,  Let  us 
divide  the  telescope  OS  into  two  parts:  a  mirror  part  consisting  of  MM  and  SM,  and  PC, 

•t 

Capabilities  of  the  BllffiOliSlfiia  (Ml^>  with  respect  to  aberrations  cori'cction  are  limited 
If  MM  and  SM  surfaces  arts  asphcrical  with  ceccntncrties  /i  and  h ,  it  is  possible  to 
correct  two  abeirations,  e.g.  spherical  abertatiiou  and  coma;  astiginatisin  cannot  be 
corrected. 

Let  us  assume  that  the  MS  focal  plane  coincides  with  MM  top.  Then,  the  design  of  the 
two-mirror  system  depends  only  on  one  parameter:  distance  do  between  lops  of  the  two 
mirrors  [Ij. 

Let  us  take  f?ic  MS  focal  diiitance  as  1 .  Tlicn  normalized  mil  ror  focal  powers  and 
distance  between  mirror  tops  arc  equal  to 

Image  curvature  is  characterized  by  Sk:idel  cpeflicieul  ^  —  and  depends  only  on  the 
focal  powers:  ~ 

—  tP  sz  >1  3  I.  

t_V  ‘mm  TSm  i-  j  ^  jz 

Central  smeening  S~cL  must  not  exceed  the  value  of  0.3  because  contrast  on  medium 
frequencies  close  to  the  Nyquist  frequency  goes  down  with  its  increase. 

Then,  with  4  =  0.3,  5^  2.11  and  ^age  curvaiine  cannot  be  con-ected. 


Therefore,  Wft^^ATgjrich  raliic^magihtrcatrcm  comjpieSiisrite  for  MS 

astigmatism  and  cur\’ature,  i.e.  astigmatism  and  image  curvature  of  PC  must  ^  equal  m 
value  and  opposite  in  sign  to  MS  abenrations  and  other  PC  aber  rations  must  be 
corrected. 

Let  us  discuss  MS  length.  MS  length  is  determined  by  an  air  gap  dp . 


Let  us  define 


Then 


D 


MH 


Mm 


cip  =  o(  *  k",  •  ^ Dmm 

MM  relative  aperture  (coefficient  Ka)  is  linked  with  MS  relative  aperture 
(coefficient  Ki)  by  a  ratio 

K.=  f 

I  WM  ... 

It  follows  from  here  that  reduction  of  coefficient  Ki  and,  comequently,  dp  is  limited  by 
MM  relative  aperture.  For  example,  with  t  =:cL=  0,10 ,  . 5  5  taking 

Ki  =/inja/Aajn.  =  2  wc  find  Ki  =  4.66  and  dp  -  0,3  •  4.66  Dmsa.  =  1-4  Dmsa. ,  i.c.  MS 
length  is  equal  to  1.4  MM  diameter. 

The  value  of  coefficient  Ki  is  determiued  by  two  factors. 


1.  Labour  content  in  manufacture  which  is  characterized  by  a  value  of  o ,  i.c.  deviation 
of  an  aspherical  surface  from  a  sphwical  one 

a  =  8iDiaW1024Kl  . 

For  example,  with  P  =  1,  =  600  mm,  K2  =  2  we  find  o  =  80  m«n.  With  such  big 

values  of  <f,. labour  content  in  manufacture  is  extremely  high,  m  addition,  requirements 
to  compen^^itional  coutrol/checkout  scheme  mevease  sharply,  serious  difticulties  appear 

with  getting  the  required  surface  shape  equation. 

2.  More  strict  requirements  to  accuracy  of  SM  mounting  in  the  teleswi^. 

SM  shift  normal  to  the  optical  axis  and  its  tilts  generate  decentralized  aberrations  across 
the  whole  image  field.  Thus,  wave  aberration ^f  decentralized  coma  is  proportional  to 

S  ,  that  of  astigmatism  is  proportional  to  ka.  -  a  ♦  xr  -  0 

That  is  why;  for  example,  when  wc  go  over  from  the  value  of  ki  ~  3  to  K2  -  A 
requirements  to  accuracy  of  SM  mouittipg  become  more  stnet  by  more  than  3  tunes. 

All  the  above  factors  must  be  taken  into  consideration  in  selecliug  MM  relative  aperture. 

The  second  part  of  the  telescope  OS  is  field  abdrations  pi  Qiect^on  pofTpetor  (PQ. 

Let  us  discuss  basic  optical  schemes  of  I^. 

1.  PC  is  a  single-mkroT  aspherical  lens  0^-  ^)- 

The  optical  scheme  was  proposed  and  described  by  Korsh  [2J.  A  shifted  from  the  optical 
axis  (A)  image  produced  by  MS  is  transferred  by  PC  with  magnificaUon  p  -  . 

Eccentridty  b  of  the  third  mirror  is  ait  additional  aberration  parameter  that  allows  to 


correct  OS  astigmatism  and  by  selecting  its  optica!  power  <f)^  it  is  possible  to  eliminate 
image  curvature;  witb  that,  the  following  condition  must  be  observed; 

93  =  <pi  +  <P2. 

So,  from  the  point  of  view  of  aberration,  such  PC’  design  is  successful  because  it  provides 
good  image  quality  across  the  whole  field,  By  installing  additional  flat  niirrors  (not 
shown  inFig.3  ),  it  is  possible  to  reduce  OS  length.  But  such  PC  has  several  fundamental 
drawbacks: 

-  The  requirement  to  correct  image  curvature  limits  wide  passibiiiities  in  varying 
magnification. 

-  Extremely  strict  requirements  to  accuracy  of  the  eccentricity  h  value  which  are  difficult 
to  maicriahze.  Permissible  deviation  is  less  than  0. 1  -  0.2%  which  requires  creation  of 
unique  devices  to  monitor/checkout  the  mirror. 

-  Big  dimensions  of  the  minror,  light  size  of  the  mirror  at  big  angular  fields  is  more 
that  O.S  of  MM  si2;e. 

The  above  drawbacks  do  not  allow  to  create  a  smali-suc,  multi-function,  casy-to- 
manufacture  telescojie  OS. 

2,  PC  is  a  lens  system.  Theoretically,  a  lens  system  solves  the  problem  of  PC.  It  consists 
of  a  collecting  lens  4  installed  in  the  vicinity  of  the  interim  image  produced  by  MS,  and  a 
lens  projection  system  (Fig.  4).  However,  design  of  a  bus  optical  system  is  rather 
complicated. 

We  have  deigned  and  proposed  small  -sbe  optical  schemes  of  PC, 

A  basic  optical  scheme  is  shown  in  Fig.  5. 

PC  is  a  mirror-lens  scheme  consisting  of  a  collecting  lens  4  installed  in  the  vicinity  of  MS 
focal  plane,  and  a  projection  mirror-lens  component  3  consisting  of  a  spherical  mirror 
emd  a  lens  unit  installed  in  front  of  it.  Such  systems  are  called  medial  systems  and 
tipically,  they  arc  not  used  as  aberration  collectors. 

An  iatciim  image  A  is  transferred  to  the  receiver  plane  A'  with  magnification  p. 

The  advantages  of  such  PC  design  are  as  follows: 

1.  High  aberration  capabilities.  PC  provides  quality  of  the  telescope  image  that  is  close  to 
diffractional  one  in  a  wide  i-ange  of  auguJar  fields. 

2.  Small,  dimensions.  The  use  of  a  coUiecting  iens  4  that  projects  the  OS  inlet  pupil  in  the 
vicinity  of  PC  spherical  mirror  allows  to  reduce  its  light  dianieter  to  values  lower  than 
0. 2  Dmsa. 

3.  High  adaptability  to  manufacture,  rc  consists  of  optical  parts  with  spherical  surfaces 
with  traditional  requirements  to  accuracy  of  fabrication. 

4.  A  wide  range  of  magnifications  p  that  can  be  realized  by  such  design. 

5.  A  possibility  of  creation  of  OS  for  multiple  applications.  Such  applications  are; 

-  High-resolution  imagery.  It  follows  lirom  formulas  (1-3)  that  for  such  application,  an 
OS  is  required  with  maximum  value  of  equivalent  focal  distance,  i.e. 


vvhere  pmai  is  toaximum  value  of  PC  magtuficatiou. 

PC  projecis  a  part  of  the  iaterku  image  produced  by  MS  iu  tbc  pkuc  ot  a  high-rcsolution 
receiver. 

-  Survcy(geaeral)  imagery.  Here,  it  is  accessary  to  to  rc-project  the  whole  MS  iaterim 
image  iato  the  plaac  of  a  low-resolutiou  receiver  with  maguifiaition  Equivalent 
foc^  distance  is  equal  to 


-  Colour  imagery.  OS  builds  the  image  of  an  object  siuiuliaacously  in  blue,  green  and  red 
areas  of  the  spectrum.  For  that  purpose,  a  prism  coioui  separator  similar  to  sepmators 
used  iu  colour  TV  is  introduced  into  IPC  optical  scheme.  PC  magmtication  can  be  m  the 

interval 


Pnun  ^  P  ^  Ptxiax- 

In  order  tojealize  a  multi-functional  system,  several  K‘  are  installed,  each  projecting  a 
separate  z^ne  of  the  interim  image  to  its  receiver. 

A  basic  scheme  of  such  system  is  shown  in  Fig.  6. 

Zone  A  of  PC  4,3  is  projected  to  receiver  A'  and  zone  B  of  PC  4',3'  is  projected  to 
receiver  B'. 


Fig  7  features  a  sp«!cific  exam  pie  of  implementation. 

Designations:  1  -  MM,  2  -  SM,  3,4  -  coUector  lens,  5,6  and  10, 1 1  -  flat 

7  8  -  two-lens  projection  component,  &  mirror  coating  9  is  aj/plicd  to  the  surtace  ot 

lens  8,  12  -  CCD  array  receiver.  All  optical  dcraeiu;;  except  Si\I  arc  moimled  on  platform 

13. 


ITie  telescope  has  the  following  optical  parameters:  /  -  6,700  mm,  7  cn  1“ 
Anin.  =  600  mm,  Dsjo.  =  176  mm,  d  =  750  mm.  e  =  0. 30. 


The  interim  image  produced  by  MS  is  located  between  the  two  kuscs  ol  the  collective 
lens  and,  for  convenience  of  arrangemcni,  is  shifted  away  Irom  MM  top^A  «>ac  ol  the 
interim  image  that  is  also  shifted  off  axis  by  43  mm  is  projected  iiito  the  CCD  array 
receiver  plane.  In  order  to  correct  chromatism  and  to  maguiiy,  there  is  a  coUector  lem 
consisting,  in  fact,  of  two  lenses.  Its  magniiication  is  close  to  out  ,  an  a  Iciises  arc  made  oi 
crown  and  flint  glass.  ll).c  two-lens  projection  component  ?,E  prp|ccts  rhe  mtcnin  inmge 
with  magnification  p  =  2  and  compensates  for  MS  field  fihciraiionsr  asiigmausm  mid 
image  cui-vature.  Both  lenses  of  the  component  arc  made  from  the  same  maten^  K8  and 
the  spherical  mirror  is  matched  with  the  mirror  .suitace  ot  iem  8.  Flat  imrrors  ,  ,  , 
aUow  to  arrange  the  optical  channel  on  a  common  platfonn  13. 


As  a  result,  in  a  wide  spectral  band  0,5  -  G.8  mjan  in  ffie  image  plane  across  the  whole 
field  the  following  values  of  MTF: 


Frequency  v  | 
linfet/mni 

20  1 

30  “1 

40'"  ~j 

■"■"50'" . 

I  60 

T(v) 

0.76 

0.65 

6.53  ' 

6.^ 

1  0.37 

Tiii;  obldiucd  vaJu&i  differ  iusignificanlly  froni  iiu  siberratioa-rrce  system.  In  order 

to  form  the  second  channel,  it  is  possible  to  project  by  the  second  projection  component 
(not  shown  in  Fig,  7)  a  diflerent  zone  of  the  interim  image,  for  example,  symmetrical  to 
the  first  zone,  into  the  receiver  plane  with  respective  magnification.  For  convenience  of 
config^iratton,  this  channel  can  be  arranged  nonnal  to  the  first  one. 

Two  variants  of  mo  unting  EOC  on  SSC  have  been  considered  together  with  Nl^O 
Mashinostroycnia: 

1.  tlOC  mounting  under  SSC  fairing  in  the  launch  configuration  (during  the  boost 
phase)  and  in  the  working  configuration  (on  orbit)  with  aiTangcment  of  the  EOC  optical 
axis  normal  to  the  SSC  longitudinal  axis. 

2.  fcTK*  mounting  undcr/^SC  fairing  to  the  lau.nch  conllgmatioin  (during  the  boost  phase) 
with  aiTsngcment  of  the  HOC  line  of  sight  along  the  SS('  longitudinal  axis  with  its 
subsequci;  turn  into  the  working  position  (after  injection  into  orbit)  by  means  of  EOC 
pilch  turn  turn  at  an  angle  of  90°. 

EOC  pointing  at  pneset  objects  of  sui’vey  in  a  wide  field  of  view'  (up  to  ±  45°  in  roll)  as 
well  as  obtaining  stereo  imagts  (i>itch  turn  up  to  .t  30°)  can  be  provided  both  by  means  of 
HOC  mounting  in  a  special  tumable  device  and  by  means  of  turning  the  whole  SSC 
'Hie  following  accur.acy  ami  dynanrics  characteristics  of  the  system  will  be  ensured: 

-  angular  velocities  of  EOC  roll  and  pitch  turns  -  up  to  4°/sec; 

-  toni  and  stabilization  aceuracies: 

a)  orientation:  ±3-5  angular  niiruues  (in  route) 

±5-7  angular  mtnuics  (m  roh  and  pitch) 

b)  stabilization:  ±1-2  angular  minutes  fin  all  axes) 

c)  residual  angular  stabilization  velocities:  not  more  than  0.001  angular  deg/sec 

SSC  pliitform  design  provides  required  stiiluesr  and  r.’fibility  ot  HXX’  angulai*  position 
With  respect  to  SSC  !vlCS  instruments  (gyro  pletlbmi.:,  star-trackiag  sensors,  IR  vertical, 
etc.), 

SSC  thermal  control  systemensures  tempemture  of  the  Trvouatiug  seat  for  EOC  optical- 
mechanical  part  in  the  range  from  -  10  °C  to  +  40  “C.  More  strict  temperature  modes  of 
EOC  units  (mirrors.,  lens,  photo  rcccivets,  etc)  are  provided  by  autonomous  thermal 
stabilizatiQU  devices  of  EOC  itself  hripj  ovc  they  nia.!  regime  of  EOC  operation,  a 
protective  cover  is  installed  on  it  wlvicb  is  oj.>ened  duriaig  EfK.^  operation  (survey). 


Tcdiniical  duuracleiiHticM  of  ECX’  mth  jMitichrusiuitic 
audi  aiiiiititipectral  dtoiuieis 


Pararaeter 

Name  of 

System  channel 

type 

parameter 

Pauchr 

Muitispectral 

(characteristics) 

0,5-0,8 

0,45-0.52 

0.52-0,60 

0,63-0.69 

0.76-0.90 

Focal  distance,  m 

6 

3,8 

3,8 

1  3,8 

3.8 

0.60 

■ 

Central  screef*!!aig 
^coefficient 

0.30 

0.30 

0.30 

0.30 

0.30 

Augukr  field,  dc); 

1.0 

miggiiii 

1.0 

l.O 

Photo 

Pixel,  mem 

9 

22 

22 

22 

receiver 

Saturation 

exposure, 

670 

670 

670 

670 

Quautiim 

elTiciency 

0.35 

0,40 

Internal  noise,  e 

65 

25 

25 

25 

25 

Output 

characteii 

Pixel  projection 
onto  the  Earth,  m 

1.0 

4.0 

4,0 

4.0 

stius 

Swath  width,  km 

12 

12 

^  12  ! 

12 

12 

System  MTF  on 
Nyquisf  frequency, 

15 

33 

33 

30 

20 

Sigual-tonoisc 
ration,  not  less 
than 

145 

315 

1  385 

415 

Mass,  kp 

200 

Power 

consumption,  W 

550 
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HeonpeflejieefiocTb  3HaHHH  ojigthocth  noiOKOB 

HHSKOopOmajiBHoro  KOCMHqecKoro  Mycopa  (KM)  pasMcpoM  ot  0,3  ao  10  cm, 
H  pasjiHqHC  TeopcTHqecKHx  aauHtix  no  nx  BejiiiqHHaM  [1,2]  BbiSMBaioT 
HeoaH03HaqHocTb  opchkh  OcaonacHocm  noaexoB  OpOHxajiBHbix 
rmjioxHpyeMbix  cxaHUJan  (OOC)  h  KA.  JJ,m  nenocpeacxBeHHbix  HSMcpeHHH 
sacopcHHOcxH  KM  na  hhskhx  opOnxax  BOSMoacHO  HcnojibsoBaHHC  asyx 
xjffioB  OopxoBOH  oriTHKO-ajieKxpoHHOH  aniiaparypbi  (03A): 

-  aaOjiarofipeMCHHoro  npeaynpeacacHHa  o6  onacnbix  ^paiMCHxax  KM 
pa3MepOM  6ojiee  1-2  cm  na  ochobc  KaxajioraaapnH  hx  opOnx  ao  hx 
onycKanna  na  Bbicoxy  paOoqen  opOnxbi  OHC; 

-  HaKonjienHa  aaHHwx  o  KOjiHnecxBe,  napaMexpax  aBHJKemia  b  cBaaaHHon 
CO  cxannHeH  mjih  KA  cncxeMe  Koopannax  Majibix  qacxMn  pasMCpOM  ox 
0,3  ao  5  cm  b  xcKymee  BpCMa  c^yHKpHOHHpOBaHiia  jiexaxejibHwx 
aiinapaxoB. 

1.  AjinapaxyjDa  KaTaaornsamiH  oOeciieqnBaex  itohck  h 
oOnapyaccHHe  panee  HenaBccxHbix  (J^parMcnxoB  KM  na  3HaqHxejibHbix 
paccxoaHHax  ox  OIIC,  cocxasjraiomHx  coxhh  KnaoMexpOB  b  lUHpOKofi  noaoce 
oOsopa.  3x0  oOecneqHBaex  peryaapHyio  noBxopacMocxb  ceancoB 
HaOaioaeHHa  oOHapyaciraaeMbix  4)parMeHXOB  a:  npHCMacMyto  aaa 
noaaep5KaHH5[  Kaxaaora  nepHoaKrqHOCxb  oOHOBacHna  noanpHOHHbrx 
H3MepeHHH  (^  3  cyx)  [3].  IIInpOKoe  ropHSouxaubHoe  noae  apcHHa 
^opMHpyexca  pasBopoxaMH  MmoBcuHoro  noaa  spenaa  xeacKaMepbi  (TK) 
BOKpyr  HanpaBacHaa  aa  pemp  ScMaa  b  yrae  npOKaaicH  y=90°.  IHapaHa 
MraoBCHHoro  noaa  apenaa  TK  b  ropaaoHxaabHOM  (2|3r)  h  BCpxaKaabeoM 
(2Pr)  HanpaBaenaax  cocxasaaex  12°.  Ona  oOecneaaBaex  saOaaroBpeMeHHoe 
oOnapyaceHae  (JjparMCHxoB  KM,  naxcaamaxca  na  Bbicoxe  ~  500  km,  ao  ax 
onycKanaa  na  Bbicoxy  paOoaea  opGaxbi  OIIC.  PasBopoxbi  MmoBCHHoro  noaa 
apeaaa  ocyujrecxBaaioxca  BOSBpaxHbiM  BpanienaeM  naocKoro  CKanapyiomero 
aepKaaa  c  noMOipbio 


B.  EMeabanoB 


luaroBoro  npHEO^a.  B  TeTCHiie  o^Horo  CKana  MraoBCHHoe  nojie 
nocncAOBaTejiBHO  npMHHMacT  9  nonoMceiiHH.  PerHCT{)aiiHa  ^parMCHTOB  KM, 

nepeccKaiomHx  njiocKOCTb  op6HTbi  OllC,  npOHSBO^IHTca  npH  Heno/^BHMCHOM 
iioJioaceHHH  MreoBCHHoro  nojia  spcHHa,  hto  HCKino'^iaeT  CMerpcHHC 
H306pa>ICeHHH  3Be3fl  BAOJlb  CTpOKH  ^OTOIipHeMHOrO  yCTpOHCTBa  (€)ny). 
Ony  Ha&HpacTca  h3  4  KpHerajuiOB  II3C  c  800x800  ajieMeHTaMH  b  Ka^KAOM 
KpHCxarrjie.  PasMcp  H5nBCTBHTejibHOro  ajiCMCHTa  paBCH  16  mkm.  J],HaMeTp 
BxoAHoro  3pa«iKa  oS'bCKTHBa  cocTaBjmeT  0,16  m,  OTHOCHTCJibHoe  oxBepCTHe 
1:1,1,  aJiHHa  OjiCHAbi  0,8  m.  Ha  pHC.l  noKasaHa  KOMnoHOBKa  TejieKaMepw,  a 
Ha  pHC.2  -  4)yHKi];HOHajibHaa  cxeivia  nojiyHCHHa  B;aHHbix  KaxanorHsaHHH 
(J)parMeHxoB  KM  pa3MepoM  Soaee  1-2  cm.  Macca  xejreKaMepBi  paBHa  30  kf,  ee 
3Hepronoxpe6jieHHe,  BKJiiOHaa  3axpaxbi  na  oxnaacacHee  <l)ny,  hc  npeBbioiaex 
100  BX. 

SaxBax  (jjparMCHxa  MrHOBeHHbiM  hojicm  apeHna  xejieKaMepbi, 
nepeMemaioiHHMca  BCJieacxBiae  ero  cKaHHpoBaHHx  h  BCJie/tcxBHe 
opOHxanbHoro  ABHaccHHa  OHC  npOHCxoaHT  CJIeF^ylOI^HM  o6pa30M.  Hycxb 
4)parMeHx  jiexHx  b  HanpaBJicHHH  X,-X,  nepneHAHKyjiapHOM  HanpaBJiCHHio 
nojiexa  OHC  Z  (  cm.  pHC.3).  Ha  KaacaoM  cxaHC  ropHSOHxajibHoe  MmoBCHHoe 
nojie  3peHHa  nocjie/^OBaxejibHO  npHHHMaex  ^iHCKpexHwe  nojiojKCHHH 
HOMCpaMH  ox  +4  ao  -4  B  njiocKOCXH  mccxhoxo  ropHSOHxa.  Hycxb  {j)parMeHx  b 
HCKOXOpblH  HaHajIbHblH  MOMCHX  BpCMCHH  t  ^  0  SaXBaXblBaCXCa  nOJICM 
speHHB,  HaxoaamHMca  b  noji05KeHHH  N~  +4  npH  a;aribHOCXH  ox  OHC,  paBHoii 
L.  Hpn  npeBbiineHHH  oxHomcHHCM  “  cHruaii-niyM”  ^  HCKOxoporo 
noporoBoro  SHaHeniw  (T  nop  =  3)  pexHCxpHpyexca  H3o6pa®eHHe  4)parMeHxa. 
B  3XOM  nojioJKCHHH  Hojw  spCHHa  HO^^BHacHbiH  oGpasyci' 

HenpepbiBHbiH  xpCK  H3o6pa]«eHHH.  CjieayiomMH  saxsax  4)parMeHxa 
npOHCXO/iHx  nocjie  nepeMemcHHa  nojw  spCHHa  m  Kpaimero  nojioaceHiw  c 
HOMCpoM  N=  -4  H  nocjieayiomefi  BCxpeiH  npH  B03BpaxHOM  ero  aBHacemiH  c 
(^parMCHxoM.  3a  3xo  speMa  aaJibHOCXb  L  cymecxECHHO  yMCHbuiaerca  sa  cnex 
npH6jiHaceHHH  one  k  xpacKxopHH  {^parMeHxa  X,"X.  TaKHM  oGpasoM,  na 
CJieayioiHeM  CKane  perHcxpnpyexca  eme  oaHH  HenpepbiBHbm  xpex 
4)parMeHxa.  3ax8ax  (|)parMeHxa  Ha  3^  CKane  peariHaye^rca  nocjie 
HpoxoacaeHHH  MBHOBCHHoro  no.Tia  3peHHa  flo  KpaHHcro  noaoTKCHHa  N  =  +  4. 
3axeM  OHo  ^(oroHaex  (J)parMeHX,  c^opMHpya  hobmh  xpex. 

3xox  npopecc  noBxopaexca  ffo  Bbixom  4>parMeHxa  h3  nojiocbi 
o63opa,  yrjiOBaa  HHipHHa  xoxopoii  coexaBJiaex  y  +  2{3r.  B  xaOjiHHC  1 
HpHBejxeHbi  pesyjibxaxH  MojtejiHpOBaHHa  perHcxpauHH  xejiexaMepoH 
(j)parMeHxa  pasMepoM  3  cm  c  ajibGc/to  0,15,  aBHraiomerocs 
nepneHAHxyjiapHO  HanpaBnenmo  nojiexa  OHC. 
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<[>yHKitHOHajibHjiH  cxcMa  TCjiCKaMepw  CO  C3y 


A 


yc 


yc 


SB 


®Trt 


AUrt 


Kmi 


<J»TW 


rcM 


yc 


yc 


A 


peiOJlHH 
apancHHH 


4>OT03OHa 


p{R)T03Uil8 

TBrcHHJT” 

xpai(ciiM« 


SOOxSOM 


paQi 


y 

inn 

AUJl 

BO 


VH 


OyHKlIHOHaJTbHJia  CXCMa  Cpe^CTB  6opTOBOii  o6pa60TKH  HH(|)OpMaiiHH 

Or  AHJI 


1  ■■■  . . . . 

1 

1 

1 

1 

Iv 

03y- 

npoueccop  i|)op 

Eyibep  rpeKOB 

1 

Ey(|>ep  Ka^pOB 

w 

MupoBamiH  pa] 

diparMCHTOB 

1 

1/ 

1 

HOCTHoro  CHr-jii 

' 

KM 

1 

1 

i 

1 

1 

1 

1 

BPJI 


yc  -  yCTpOHCTBO  CHHXpOHH3aUHH  ; 

OTIl  -  (JjopMHpoBaTCJib  TaKTOBoro  imraHHa; 

rCM  -  rHdpHAHaa  c6opKa  h3  mhkpocxcm  c  3apH;^OBofi  CBa3bK>; 

y  -  ycHJiHTCJib  aHajioroBoro  cnraana; 

O  -  oSbckthb  TCJiCKaMepbi;  BPJI  -  6opTOBaa  pa/iHOJiHHHa  MKC; 
ALin  -  aHajioro-iiH(|)poBOH  npeoSpaaoBaTCJib; 

CB  -  CKaHHpyiomHH  6jiok  TCJiCKaMCpbi; 

OB  -  OTKJIOHBlOmHH  6j10K;  YR  -  yCHJIHTCJIb  apKOCTH; 

C3y  -  CBeiosamHTHoe  ycxpoHCTBO  (6jieHjo(a); 

BO  -  6jiok  oxjia^CHHB  ycHJiHTenH  apKOcxH  h  n3C-MaTpHii;bi; 


Phc  ^yHiaiHOHajibHiaa  cxcMa  03A  noJiyncHHa  ^aHHbix 
KaTajiorH3aij;HH  4>parMeHTOB  KM  pa3MepOM  6ojiee  /-2  cm. 


B,  EMejIbBHOB 


Phc.3.  IIojiosKeHHH  MraOBCHHoro  nojw  3peHHa  b  nojioce 
o63opa  TejiCKaiwepBi,  HSMeHacMHe  b  Te^iesme  o^oHoro  CKaea. 


HaqajiBHaa  ;^afifcH0CTB  Lt  ero  ipaeKTopHH  ox  OflC  paBnajiacb  400 
KM.  BpCMa  Meayij’  noc.xeaoBaTejibHHMH  ceancaMM  HaOjnoacHiw  <|>parMeHTa 
opcHBCBaerca  Bejnr^HHOH 

T  0^3  '^-^o/Kr) 

-‘(P  Y  j 

XyO^e  T4>  -  nepHoa  oOpamenna  ^parMCHra  B0>Kpyr  Se&uni; 

R3  ~  paanyc  ScMaia; 

Hone  -  Bbicoxa  op6irrBi  OHC. 

ripH  Lj  =  400  KM  OHO  cocxaBjiacT  3,3  cjt,  hto  ^^ocxaxoHHO  jum 
noaaepasaHHH  Kaxajiora  opOuxajibHHx  napaMexpOB  oOHapyacHBaeMBix 
(|)parMeHTOB. 


B.  EMejIBHHOB 


npHHHMajIOCb,  HTO  (j^OH  HCSa  COOTBeXCTByeT  3Be3;iHOH  SeJIHHHHe 
23™,  co6cTBeHHbm  myu  n3C  -  MaxpHpbi,  oxjiawiaeMOH  ao  xeMnepaiypbi 
180  K,  cocxaBJwex  le,  BpeMH  3kciio3hphh  kbapob  paBHo  10*^  cck,  BpeMa  “ 
cxoaHM  “  MXHOBeHHoro  noAA  speHHH  -0,8  ceK. 
npHHflXbie  oOoSHaHCHHB  : 

t-  MOMeHx  3axBaxa  c^paxMeHxa  nojieM  apeeHa,  HaxoAAiUHMca  b 
noAoaceHHH  N  Ha  Nck'“^  CKane, 

L(t)  -  xeKymaa  HaKJioHHaa  AaABHOCXB  ao  ^^parMenxa , 

tsCt)  -  A-nHTejibHOCXb  npeObiBaHna  ero  H3o6pa>KeHHa  b 

HyBCXBHxeJiBHOM  3AeMeHxe  n3C, 

n3(t)  -  HHCJio  “3acBeHeHHBix“  ajiCMeHXOB,  oOpaayiomHx 

pexHCxpHpyeMHH  b  oahom  CKane  xpex. 

nojiHaa  HH(^opMaHHOHHJia  AAHxeJiBHOCXB  pexHcxpHpyeMoro  xpena 
cocxaBHAa  17  ceic,  hxo  iipeACxaBJiaexca  AOCxaxoHHBiM  AAa  onpeAeAenHa 
opOHXBi  4>parMeHxa  no  1  —  2  ceancaM  ero  HaOjnoAeHna.  ^Jia  yBCJiHneHHa 

3XOH  AJlHXeABHOCXH,  nOBBIIIICHHa  HepHOAHHHOCXH  oOnOBACHHa  HH(|)OpMaH,HH, 
a  xaicace  Ana  perncxpanHH  (^parMCHXOB  MCHBinero  pasMepa  (1—2  cm) 
nenecooOpasHO  ncnoABSOBaHne  ycHJinxena  apKOCxn  c  othochxcabho 
HCBBICOKHM  (<  100)  K03(J)(J)B[Ii;MeHX0M  yCHJICHHa.  yCHJIHXeJIH  AOAaCCH 

pexHCxpnpoBaxB  iioxokh  ^oxohob  na  ypoBHC  300  (^/cck  npn  BpeMCHH 
3Kcno3HiiHH  ~10'^  csK.  TaKHc  ycHAHxejiH  apKOcxH  paapaOoxaHBi  b 
opraHHsanHH  “SneKxpoH”. 


TaOjmna  1  . 


t,ceK 

Nck 

N 

L(t),KM 

tB(t),  CCK 

n3(t) 

W 

0 

- T~ 

+4 

500 

3,8-10'^ 

1,28 

20,8 

2 

-f-4 

267 

1,M0'^ 

19 

3,03 

22,1 

2 

+3 

252 

MO'^ 

84 

3,16 

37,7 

3 

+1 

86 

1,1  10'^ 

764 

3,16 

2.  fljia  npOBCACHHa  HenoBXOpaiomnxca  KpaxKOBpeMCHHBix  ceancoB 
HaOjnGACHHa  mbabix  (0,3-5  cm)  nacxnn,  ABHxaiomHxca  na  KpyroBBix  opOnxax, 
Moacex  HcnoAB30Baxbca  MajioraOapHXHaa  03  annapaxypa.  E6  moacho 
ycxanaBAHBaxB  na  OFIC,  a  xaotce  na  mbabix  HH3KOop6HxaABHBix  KA.  b 
KanecxBe  AonoAHHXCABHon  noAeanoH  narpysKH.  IIpH  orpaHnncHHOM 
AHaMCxpe  bxoahofo  3panKa  oO-BCKTiiBa  ~  5  cm  AAHxeABHOcxB  ceanca 


B.  EMeABaHoB 


Ha6jiK);ieHHa  h  aaabHOCTB  oGiiapyrneHMa  qacxHii;  dy^yx  MajiwMH  (<  1  cck,  3- 
50  km).  OanaKO  Hx  napaMexpw  ABH>KeHHa  (ITfl)  b  ooabhjkhoh  chcxcms 
KoopAHHax,  CBAsaHMOH  c  KA  (CCK)  Moryx  6jbixi>  oripeAejieHBi  c  bbicokoh 
xoHHocxBK)  (<  1  m)  [4],  OAHosHaHHOcxB  onpeACJieHHa  oOycnoBJiCHa  SHaHHCM 

Op6HXaJIBHOH  CKOpOCXH  H  EpaMOJIHHeHHOCXBK)  ABH^KCHHa  HBCXHlj;  B 
imocKOcxH  MecxHoro  ropHsoexa.  PaapaGoxaHHBiH  ajiropHXM  pac^exa  UJl  no 
perncxpHpyeMOH  BpeMennoH  nocneAOBaxejiBHOCxn  nojioaceHHH 
H3o6paH€eHHH  nacTHUBi,  no3BOJi}iex  onpCAejiaxB  yroir  Mcac^y  HanpaBjiCHnaMH 
ABH>KeHHa  KA  n  nacxHpBi,  ycxanaBjiKBarB  $aicr  nona^aHna  ee  na  KA, 
opeHHBaxB  KOOpAHHaxBi  Mecxa  naAeana  h  pasMcp  nacxnpBi  (c  oxHOcnxeABHon 
oiuhOkoh  150-200  %).  )0(jia  oGecnenenna  bbicokoh  xohhocxh  pacnexa 
xpeOyexca  ne  Menee  10  onopHBix  xoncK  yKasaHHon  BBime 
nocACAOBaxeABHOcxH  HSMepeeHH  b  xeneHHc  ceanca  HaOAiOAeHHa  HacxHpBi. 
)!ljia  yBejTHneHHa  lUHpHHBi  KOHxpoAHpyeMOH  30hbi  b  ropHSOHxariBHOM 
HanpaBjicHHH,  oOecnenKBajcmeft  pexHCxpapHio  nacxHp,  npnOjiHacaioujtHxca  k 
KA  c  npoH3BOJTBHBix  HanpaBACHKH,  03A  coAepacHX  3  xeneKaMepBi  (TK)  c 
ropH30HxajiBHBiMH  HojiaMH  spcHHa  60°  (pHC.4).  TeacKaMepBi  Moryx 

pacnoAaraxBca  b  paajiHHUBix  Mccxax  KA  AJia  o6ecneneHHa  oxcyxcxBHa 
aaxeHCHHa  hx  noncH  apenna  ajiCMcexaMH  KoncxpyKHHH  KA.  BepxHKajiBHoe 
none  apcHHa  Kaac/^OH  TK  cocxasAaex  18°,  nxo  oGecnenHBaex  npiieMACMyio 
CKopocxB  naKonjicHHa  aahhbix  o  nacxHpax,  npojiexaioipHx  b6ah3h  KA. 
KaacAaa  TK  hmccx  niHpoKOsaxBaxHMH  oObckthb  c  bxoahbim  apanKOM  5  cm  h 
OXHOCHXCABHBIM  OXECpCXHCM  1:1,2,  CBCTOSamHXHOe  yCXpOHCXBO  -  OjlCHAy 

AJiHHOH  0,4  M  H  4  n3C  -  MaipniiBi  c  KOAHnecxBOM  aACMeHxoB  512x512 
pasMepoM  30  mkm.  OGipee  KonnnecTBo  aAeMenxoB  b  cOopKC  OHY  KajKAOH 
TK  MN  =  2048x512.  /locxHXBiyxBiH  ypOBCHB  npeoGpaaoBanHa  “  aHajior- 
AH(t)pa”  OAHoro  coOBixHa  b  AUTI  oxenecxsenHoro  npOH3BOACXBa  cocxaBaaex 

tAiJxi  ^10  HCCK.  TaK  kaK  taiat'^  HH)KHaa  rpanima  BpCMCHH  SKcnosHpHH 

MN 

KaApoB  ta,  AHMHXHpycMaa  GBicxpoAeiicxBHeM  AHH,  pasna  10'^  cck.  Hnacnaa 
rpaHHna  BeirHHHHBi  ta,  AHMHxupyeMaa  OBicxpoAcficxBHeM  OopxoBoro 
npopeccopa  (J)opMnpoBaHMa  paanocxHoro  CHrnajia  h  noporoBoro  cpaBHCHHa, 
cocxaBJiaex  2- 10'^  cck.  ITpH  axoM  npHHHMaiiocB,  nxo  SBicxpoACHcxBHe  10^ 
Kop.onep./ccK  npopeccopa  Ana  KajKAOH  TK  Mo»cex  naAeacHO  o6ecnenHBaxBca 
cnepBBinHCAHxeAaMH,  npoHSBOAamHMH  aneMeHxapHBie  onepannH 
BBIHHXaHHa.  npH  3KCn03HPHaX,  yAOBACXBOpaiOmHX  yKasaHHBIM 
xpeGoBaHHaM,  b  ceance  naGntOAenHa  HacxHpBi  Manoro  pasMCpa  AonacHo 
pexHCxpHpoBaxBca  koahhccxbo  riOAoaccHHH  H3o6paaceHHa  nacxHUBi  K,  ne 
MCHBrnee  10. 


B.  EMeABHHOB 


4  OoHeHTauMa  TejseKajviep  c  GjieHjiaMM  MciJiorafiapj'iTHO 
()3A  oTi-iocw^re./ft'Hu  HanpciBJieHMa  iio.iieTa  KA 
00  --  onTH'-iocKciS  OCB,  TK  -  Te.ieK,aMGpa,  LSy 
o,(ieHjia 


B.  EMejlbHHOB 


Hpouecc  o6Hapy»ceHiia  h  perHcxpapHH  nacxHix  MO^iejiHpoBajiCH 
cjie/iyioinHM  oSpaaoM.  CocraBJiiuiHci.  ypaBHCHHa  jxBHMeHmt  ^lacTHp  b  CCK, 
KOTopfcie  onpejtejisLBHCb  3a/^aHHeM  npojrerHoro  paccToaHHB  b  momcht 
MaKCHMajibHoro  c6jiH)KeHHa  c  KA  h  yrjia  MCJKAy  nanpaBjicHHeM  ^^bh^chkh 
KA  H  nacTHi^Bi.  OopMHpoBajiHCb  ycjiOBHB  saxBaxa  nacTHii;  nojisMH  speHHB  3^^ 
TCJieKaMep.  Saxeivi  paccxHTbmajiHCb  KOop^tHHaxbi  H3o6pa»ceHHH  nacxHia  b 
(|)OKajibHOH  roiocKOCXH.  H3o6paa<eHHe  nojiarajiocb  aaperHcxpnpoBaHHbiM, 
ecjiH  oxHomcHHe  “caxHaji-rnyM”  ^  npeBbiiuajio  3.  BbWHCjieHHe  oxHomeHHH 
T  npoH3BOAHJiocb  Ha  Kajic^OM  mare  MO^ejiHpOBaHHa  ^tBH^cemia  nacxHpbi 
oxHocHxejibHo  KA.  lUaraMH  BBjiajiHCb  BpeivreHHbie  HHxepsajibi,  pasHbie 
BpeMCHH  npeGbiBaHHH  H3o6pa»ceHHH  b  HHKcejie  h  BpeMena  3Kcno3HixHH 
Ka^pOB.  IIpH  3XOM  paCCHHXbIBaWHCb  BpCMa  ITpeGblBaHHa  H306pa5KeHHB  B 
HHKcene  HSC  -  MaxpHixbi  ts  h  KOJiimecTBO  CHrnajibHbix  (J)0X03JieKXp0H0B  ox 
naciimbi,  HaKOiuieiiHoe  aa  3xo  BpeMa  (npH  ts  <  13)  hjih  3a  BpeMa  3Kcno3HimH 
KaapOB  (  npH  yCJlOBHH  t3  <  ts).  OCHOBHbIM  HCTOHHHKOM  IIiyMa  npHHHMaJICH 
coGcxBeHHbiH  m5TM  FISC  -  MaxpHpbi,  o6ycjiOBJieHHbfH  myMOM  CHHXbiBamw 
.  OuKCHpoBajiHCb  HaHiuibHbie  H  KOHeHHbic  j^ajibHOCXH  Ha6mo^(eHHB;,  npH 
Koxopbix  oxHomeime  ^  npcBbimajio  noporoBoe  anaHCHHe,  a  xaicace 
KOJiHHecxBO  nojioatCHHH  H3o6paMceHHH  nacxHpbi,  perncxpHpyeMbrx  b  ceaHce 
Ha6jno7teHHB.  Pesyjibxaxw  aaBHcejiH  ox  paaMespa  nacum,  BpeMCHH 
3Kcno3HpHH  Ka^poB,  BejiHHHHbi  Gcxi,  yrjia  0  Meac^y  HanpasneHHHMH  nonexa 
KA  H  qacximbi.  IlpH  0,  6jih3khx  k  0,  qacxHpa  flBHraexca  HaBcxpeny  KA.  IIpH 
0,  npeBbimaioiimx  90°,  nacxHpa  nepeMemaexca  b  cxopoHy  ^ijehmcchm  KA. 
rioaxoMy,  c  yBejimcHHeM  0  Boapacxaex  miHTejibHocxb  ceanca  Ha6jiioAeHHa  h 
BejIHHHHa  K  (CM.pHC.5). 

flajibHocxH  Ha6jnoAeHM  MajioH  nacxHHbi  (0,5  cm)  xejiCKaMepaMH  c 
OrpaHHHeHHbIM  SXOmiblM  3pa4KOM  oOBCKTHBa  (~5  cm)  COCXaBJiaiOX  B 
saBHCHMOCXH  OX  BCJiHHHHbi  myMa  <l)ny  Bcero  5-10  km.  VraoBaa  CKopocxb 
HacxHpbi  oxHOCHxejibHO  KA  BCJiHKa  H  cymecxBeHHO  H3MeHaexca  b  xeneeHe 
ceanca  HaOjnoAeHtia,  yBe.iTHHHBaacb  no  Mepe  ee  npHGjnpfceHiia  k  KA. 
IIoaxoMy  onxHMajibHoe  BpeMa  3Kcno3HpHH  Ka^pa  mo>kho  Owno  BbiHHCjmxb 
xojibKo  nyxcM  onpeACJiCHHa  BejinnHHbi  K  mia:  pasjiHHHbix  ta.  3xo  ^ejiajiocb  c 
yn^xoM  xoro,  nxo,  c  oahoh  cxopOHbi,  c  yBejimienneM  ta  cnnacaioxca 
xpe6oBaHHa  k  ObicxpOAenciBHio  OopxoBbix  cpe.AcxB  o6pa6oxKH  HH^opMapHH, 
a,  c  p;pyroH  cxopOHbi,  yBejinncHHe  ta  ne  ;i;oji»cho  yMCHbmaxb  K  HH»ce  10 
(cM.pHC.6).  OnxHMajibHoe  speMa  oKcnosHimH  KaapoB  aaBHcnx  ox  myMa  OnV 
H  pasMepa  nacxHpb]  d  [5]. 


B.  EMeabaHOB 


PhC.  5.  SaBHCHMOCTB  K(t3)  npH  paSJIHHHbIX  0. 
Dbx.3p.  =  5cm  ,  d=  5  MM ,  CTch  =  30  e 


Phc.6.  3aBHCHMOCTb  K  (0)  npH  Gcol  =  so  e. 


..2 

3*10  ^ca(r. 

5*1  o'  c^. 


B  pe3yjibTaTe  nojiy'ieHBi  cjiCAytomHe  3Ha*ieHHJi  t  j  out : 


t 


t:)onT 


Bmaho, 


lO'  ceK 

CCK 

5-10'^  CCK 
5-:l0'^  ceic 

uio  ripe,aaaraeMaH 


npa  d~0,5  cm,  acvt  “  30e 
npH  d=0,5  CM,  acq  5()e 
iipa  d“0,3  CM,  cTcq  "=  30e 
npH  d=0,3  CM,  acq  ==  50e 
annapaxypa  odecnequBaeT 


o6Hapy5Kemie  h  onpe/JteaeuHe  l  l/i,  OMCHt.  Majisix  qacTHp  pasMcpOM  0,3  cm  h 


6oaee  ripn  pctWHayeMbix  iiapaMeTpax  cpCACTB  dopxoBOH  odpadoxKH 
fiHt})opMaiXHH  (  cooxBexcxByK>]HHX  to  >2  10'^  cck)  11  Heoxj[a>K;^aeMbix 
(|)OXonpMeMHHX  ycxpoHCXB  ita  ochobc  1130  Maxpaij;  (acq  ^  50e). 

Macca  o^hoh  1"K  c  6jiee;iOH  cocxaejiaex  ~2  kx.  Macca  bcch  03A 
(BKjijoqaa  ajTefapoHHwe  cpe/^cxBa  doproBOH  o6pa6oiKn  MH^iopMapHH  )  7  kx. 
(36mee  aHepxonoipedjieHiie  paBiio  25  bx.  Ji\m  odpadoxKH  HH4)opMauiHH 
xpedyexca;  3  c  BpeMeiiCM  npeodpaaoBaHWH  -  30  hcck,  3 

cneiiBbi'qHCjrHxeaa  c  onepaxuBHOH  naMaxBK)  ~1,5  Mdanx  h 
iipoHSBOAHxejiBHOcxbio  ~  50  Kop.oiiep./ccK.  iiepCAa^iH  MH4)opiMaij,HH  Ha 
IcMJiio  xpedyexca  HcnoabaoBaHHC  cay)Ke6HOH  pauHOJiHHHH  c  ohchb  hh3koh 
opoiiycicHOH  CHOcodHOCT'bfo;  500  darix/ccK  b  xeucHHe  5  cck.  1  paa  b  cyxKw. 


JlMiepaxypa. 

1 .  Potter  A.E.  ESA  SD-  0 1 ,  p  28 1 . 

2.  Bellniati  J. K.  ESA  SD-  0 1 ,  p  303. 

3.  HTO  no  HHP  “  KoHrpojib~aH  ”,  axan  10,  UUHHMaiu,  1997  x. 

4.  HTO  no  HMP  “  KoHxpojib-qH  ”,  axaii  11,  HHHHMam,  1998  x. 

5.  EITO  no  HHP  “  KonxpojTb-ldH  ”,  axan  12,  qHHHMain,  1998  x. 


B.  EMejibanoB 


B0PT0BA5I  CHCTEMA  OBPABOTKM  M30BPA)KEHH5I 
nEPCnEKTHBHOrO  CnVTHMKA  A33 


A.B.  Bojikob,  C.B.  A(j[)aHacbeB 

UeHTpaJlbHblH  HayHHO-HCCJieZlOBaTejIbCKHH  hhcthtyt  MaiUHHOCXpoeHHB 


B  AaHHOH  cTaxbe  onHCbiBaexca  BCOH  nepcrieKXHBHbix  cnyxHHKOB 
^3  3.  CHcxcMa  npcOTasHaBeHa  fljia  ph4)Poboh  o6pa6oxKH  ^aHHbix, 
nojiy^aeMbix  co  CKaHHpyioinMX  m  xejieBM3HOHHbix  onxHKo-ajicKxpoHHbix 
ycxpoHcxB,  paBoxaiomux  b  bhzihmom,  VO  h  HK  AHanaaoHax  ^jihh  bojih.  Ona 
flOJixHa  BbinojiHBXb  cjie^yioinHe  (|)yHKUHM:  LtH4)poByio  ^^HJibxpauHio, 

paaHOMexpHHecKyK)  KoppeKUHK),  cHHxesMpoBaHHe  MyjibXHcneKxpajTbHoro 
H3o6pa;*;eHHa,  cacaxMC  H3o6pa>KeHMH,  BbiflejieHHe  o6x.eKxoB  no 
cneKxpaiibHbiM  m  npocxpaHcxBCHHbiM  npH3HaKaM.  B  cxaxbe  npe/lcxaBiiena 
MexonHKa  BbiSopa  cxpyKxypnoH  cxeMW  BCOM,  napaiviexpoB  oxB,ejibHbix 
sjieMenxoB  BCOH,  ajieMCHXHOM  6a3bi  nocxpocHHa  BCOH,  Mexoa,oB 

o6pa6oxKM  HH^JopMauKM.  npeB,cxaBaeHbi  3aBHcnMocxH  xpeGoBannH, 
npej!],x>5iBJineMbix  k  napaMexpaM  Bjiokob  BCOH,  ox  napaMcxpoB  peneBon 
annapaxypbi  n  Kanajia  cbh3h  "kocmoc  -  3eMJiB".  OnHcana  cxpyKxypnan  cxema 
Maxexa,  na  KoxopoM  npepnojiaraexca  oxpaSoxaxb  ajiropnxMbi  n  xecxnpoBaxb 
nporpaMMbi  BCOH. 

B  HacxoHipee  BpeMH  nepcneKXHBHaa  annapaxypa  ^33  oBjiapaex  bmcokhm 
npocxpancxBeHHbiM  paapemenneM.  /],jih  peuieHnn  OKOJioraHecKMX  aapan  ona 
aojixHa  HMexb  KaK  mo>kho  Sojibuiee  KOJinnecxBO  cneKxpajibHbix  Kana/ioB. 
Oxciopa  B03HHKaex  ocHOBHaa  npoBjiCMa  -  oxo  nepepana  c  xaxon  annapaxypbi 
HH^iopMapHH  Ha  3eMJiio.  HoaroMy  jiornnHo  6buio  6bi  ocyipecxBJinxb 
o6pa6oxKy  HHcJiopMaHHH  c  paannnHbix  cncKxpajibHbix  KananoB  pjni 
cHHxeanpoBaHHH  bbixoahofo  MyjibxncneKxpajibHoxo  Kanajia  b  pH(|)poBOM  BHpe 
Ha  6opxy  cnyxHHKa.  HcnojibaoBaHHC  pniJipoBOH  o6pa6oxKH  bmccxo 
aHajioxoBOH  no3BOJiHX  cymecxBCHHO  yfleniHBMXb  annapaxypy  n  cpejiaxb  ee 
jierKO  nepecxpanBacMOM  nop  paajinnHbie  aanann,  Menaa  nporpaMMy  pa6oxbi 
ycxpoMcxBa,  chhbhxb  Macca-xa6apHXHbie  noKaaaxejiH.  Cxcaxne 
npOCXpaHCXECHHOH  HH(J)OpMapHH  B  O^HOM  KaHajTC  flO  50  paa  n03B0JIHX 
coxpaHBXb  Ha  6opxoBOM  ycxpoMcxBe  naMaxM  b  necKOJibKo  paa  Bojibiuee 
KOJinnecxBO  KappoB. 

Coapanne  xanon  cncxeivibi  noaBoanx  cymecxBCHHo  pacuiMpnxb  KJiacc 
aapan  ^1,33,  pemaeMbix  KocMHnecKHMH  cpepcxBaMH,  n  pacx  BoaMOXHocxb 
pemaxb  hobwc  aa^^ann  JI33,  yBejiHHHXb  KOjinnecxBO  aapaa  peuiaeMbix 
napajiJiejibHO  npH  npoBepcHnn  cbbivikh  3eMHOH  noBepxHocxn. 

HcnojibaoBanne  npefljiaraeMOH  cncxeMbi  noaBOJinx  cHHanxb  xpeOoBaHna  k 
nponycKHOH  cnocooHocxn  papnoKanajia  "kocmoc  -  3eMJTH",  nxo  cpejiaex 
peajibHbiM  npHMeHeHne  Majibix  cxanunn  npncMa  KOCMnnecKon  MH(|)opMapHM 
pjia  nojiynenna  paHHbix  bbicokofo  npocxpaHCXBCHHOFO  n  cncKxpajibHOFO 
paapemcHHa.  B  aaoioneHHM  npHBopaxca  xpcOoBaHna,  npepBaBJiacMbie  k 
nepcncKXHBHbiM  BCOH,  n  Bapnaxixbi  nx  peajiMaapnM. 
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Now  aie  created  and  the  new  electro-optics  equipment  of  the  earth  remote  sensing 
aie  developed  which  have  considerably  best  resolution,  a  large  observation  width  and 
there  aie  more  number  spectral  channels  and  therefore  on  the  greater  information  stream 
is  several  orders,  than  former  generation  of  an  equipment  some.  What  to  process  all  data 
from  such  equipment  and  to  transmit  data  to  the  Earth  it  is  necessary  considerably  to 
increase  computer  power  of  onboard  computer.  It  can  achieve  applying  new  digital  circuit 
technology,  optimizing  architecture  of  the  onboard  computing  units  and  by  developing 
new  methods  of  data  processing.  In  the  paper  the  onboard  image  processing  system 
(OIPS)  is  consideied  which  is  supposed  to  be  mounted  on  prospective  earth  remote 
sensing  satellite.  OIPS  is  intended  for  digital  data  processing  of  a  scanning  or  television 
electro-optics  equipments  of  the  earth  remote  sensing  and  having  large  output  information 
stream. 


1.  Architecture  of  a  prospective  OIPS 

Now  in  many  countries  the  onboard  digital  data  processing  system  of  the  earth 
remote  sensing  are  created.  In  table  1  the  characteristics  of  two  onboard  data  processing 
devices,  which  interacting  with  a  various  equipment  of  the  earth  remote  sensing  [1]  121 
are  represented.  ’ 


Table  1. 


Purpose 

CPU  host 
computer 

Digital  processing 
processor 

Bus 

Scheme 

Data  stream 

Processing  of 
SAR  data, 
USA 

PowerPC 

BDSP9124  (50 

Mhz)  (several  on 
one  computer  unit) 

PCI  (32 
bit,  33 
MHz)  and 
High  Speed 
Direct  I/O 

3  SAR  Processors  (The  data 
are  transmitted  sequentially 
from  one  to  another-  I)  2-D 
frequency  domain  lange 

compressor,  2)  2-D  frequency 
domain  azimuth  compressor, 
3)  interpolation  and  post  image 
processing), 

Common  Memory,  General 
Purpose  Processor,  Interface 
Processor 

Input  data  strean 
<1,2  Gbps 

Onboard 
Multispectral 
classification 
of  visible  and 
IR  data, 

Germany 

Intel  or 
PowerPC 

PowerPC603e 
(PDH  Processor,  75 
MIPS),  Nil 000 
(Classification 
Processor,  2700 
MIPS) 

PCI  (32 
bit,  33 
MHz) 

PDH  Processor  (multisensor 
data  matching,  feature 

extraction,  data  normalization, 
development  of  thematic  maps, 
learning  of  the  classifier, 
surveillance  of  classification). 
Classification  Processor  (neural 
networks).  Mass  Memory 

Total  input  datf 
stream  <10  Mbps 

The  prospective  onboard  computing  systems,  from  a  point  of  view  of  the  authors 
should  answer  the  following  requirements: 

Use  of  the  processor  of  the  same  type  and  application  of  circuit  elements  of  the 
same  type  for  a  construction  of  all  units  of  the  system; 
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-  Modular  construction  hardware  and  software  of  the  system  for  flexibility  of  its 
topological  architecture  and  possibility  of  obtaining  of  new  variant  of  the  system 
without  essential  changes  both  in  hardware,  and  in  a  software; 

-  Implementation  of  parallel  data  processing,  applying  the  digital  signal  processor 
with  several  computing  devices  (implementation  of  the  concept  -  single  instruction 
multiple  data);  » 

-  Implementation  of  the  concept  of  distributed  data  processing  with  use 
programmable  logic  device  (PLD)  as  the  coprocessors  of  DSP; 

-  Rise  of  fault  tolerance  by  applying  of  duplication  hardware  and  software, 
redundancy  of  digital  bus,  and  also  possibility  of  reboot  software  on  a  radio  link  from 
mission  control  center; 

-  Creation  of  a  software  on  programming  language  of  a  high  level  C; 

-  Thrash  out  for  a  design  stage  and  creation  of  the  system  of  possibilities  on 
significant  build  up  hardware  and  software  by  providing  possibility  to  mount  on  the 
module  additional  computing  units  (processors  and  PLD); 

-  Unification  of  an  onboard  computing  system  in  interests  of  rise  of  its  reliability  and 
loM'ering  of  cost  of  development  of  new  systems. 

For  interaction  with  the  centra] 
computer  the  use  of  the  local 
CompactPCI  bus  is  provided.  The  bus 
will  be  used  for  reboot  of  programs  in 
processors,  testing  of  data  processing 
programs  and  transmission  of  data 
between  computer  modules  (Image 
Processing  System,  Common  Memory, 

Telemetry  System). 

The  application  of  the  common  bus, 
in  this  case  it  of  CompactPCI  bus,  will 
allow  easily  to  increase  computer  power 
of  the  image  processing  system  by- 
placing  on  it  some  blocks  DIPS.  Besides 
a  some  DIPS  can  be  mounted  in  system 
for  redundancy  and  rise  of  a  reliability  of 
computing  system.  As  the  bus  CompactPCI  has  high  capacity  easily  to  place  on  it  not 
one,  and  some  telemetry  modules  at  presence  onboard  the  satellite  of  several  telemetry 
radio  links.  The  maximum  capacity  of  the  32-digit  CompactPCI  bus  -  1056  Mbit/sec,  real 
speed  of  transmission  approximately  twice  is  less  about  500  Mbit/sec.  Maximum  speed  of 
the  prospective  telemetry  channel  about  200  Mbit/sec  [4].  That  is,  using  one  bus  it  is 
possible  to  interact  with  two  telemetry  channels  with  high  capacity.  The  maximum  record 
speed  of  modern  hard  disk  drive  (HDD)  about  5  Mbytes/sec  is  necessary  to  mark,  that. 
For  further  perfection  of  the  system  with  rather  insignificant  changes  the  conversion  to 
the  64-digit  bus  is  possible,  that  will  allow  twice  to  increase  capacity  of  the  bus.  The  use 
just  CompactPCI  bus  will  allow  to  use  devices  of  outside  corporations  -  built-in 
computer,  HDD  for  a  construction  of  the  testing  DIPS  stand.  HDD  in  the  system  to  be 
assumed  to  use  of  the  outside  corporation.  It  is  supposed  also,  that  the  central  computer 
too  will  be  designed  in  a  format  CompactPCI  and  will  realize  control  DIPS  through  the 
CompactPCI  bus. 


Sensors 


Radio 

transmitter 


Radio 

transmitter 


Figure  I.  Architecture  of  a  onboard  compute  system 
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2.  Account  of  stream  from  multispectral  scanners  of  the  earth  remote  sensing 

One  of  the  problems  of  the  complex,  scanning  instrument  development  is  its  provision 
with  processing,  storage  and  transmission  to  ground  of  the  data,  obtained  by  a  high 
resolution  spectrometer.  The  imagery  output  in  (0.25...1.2)-|.im  band  with  the  1-nm 
resolution  is  a  set  of  images  in  950  spectral  channels,  and  in  the  (3.0...  5.5)-pm  band  at 
the  resolution  of  40  nm  it  is  a  set  from  60  channels.  Thus,  the  spectrometric  instrument 
provides  simultaneous  acquisition  of  up  to  1010  images  in  total. 

At  the  spatial  resolution  of  10  m  and  orbital  altitude  of  some  500  km  the  required 
time  of  output  data  reading  of  the  spectrometer  CCD  is  1.5  ms.  In  the  submitted 
spectrometer  the  designed  dynamic  range  of  signal  is  4096,  i.e.  12  bit  per  pixel  is 
provided.  If  the  obseiwation  width  is  10  km,  the  data  flow  from  one  spectral  channel  is  8 
Mbit/sec.  However,  the  desirable  width  is  40  km  that  causes  a  data  flow  of  32  Mbit/sec. 
The  total  data  flow  on  the  instrument  output  is  8  Gbit/sec  if  the  observation  width  is  10 
km,  and  it  is  32  Gbit/sec  in  case  of  40-km  coverage. 

The  maximum  channel  capacity  of  modern  centres  for  space  data  receiving  is  some 
100  Mbit/sec  (of  the  future  -  up  to  200  Mbit/sec)  [4]  when  the  ground  dish  diameter  is 
not  less  than  5  m  [5].  In  case  of  space  data  reception  by  a  small  station,  the  maximum 
channel  capacity  of  a  radio  link  is  approximately  up  to  10  Mbit/sec  and  the  antenna 
diameter  is  about  2  m  [4]. 

So,  some  difference  occurs  between  the  output  spectrometer  data  flow  values  and  the 
flows  provided  by  a  conventional  ground  station  for  real  time  data  transmission.  It  means 
that  in  case  of  a  real-time  data  transmission  the  satellite  data  flow  must  be  reduced  in 
some  2  orders  of  magnitude.  In  case  of  a  buffer  storage  and  a  20-minute  communication 
session,  the  transmission  of  an  image  of  (10  x  10)  sq.  km  area  at  the  information  flow  of 
10  Mbit/sec  is  supported  that  is  acceptable  for  a  small  reception  station. 

3.  Image  processing  methods  of  OIPS. 

In  case  of  a  normal  operation  of  the  instrument  and  data  reception  on  a  small 
receiving  station  (10  Mbit/sec  channel  capacity),  the  data  flow  must  be  reduced  more 
than  in  3  orders  of  magnitude.  A  normal  operation  mode  does  not  require  transmission 
of  data  in  the  all  spectral  channels.  Usually,  the  required  number  to  solve  an  ecology  or 
economy  problem  varies  from  3  up  to  7  spectral  channels.  Therefore,  to  provide 
simultaneous  execution  by  the  instrument  of  a  maximum  number  of  tasks,  it  is  necessary 
to  process  the  data  obtained  in  various  spectral  channels  onboard  a  satellite,  using  an 
onboard  image  processing  system  with  synthesizing  of  a  multispectral  image.  Each  task  is 
provided  with  one  synthesized  multispectral  image,  in  accordance  with  specified  spectral 
channels.  After  multispectral  synthesized  images  are  obtained,  a  spatial  compression  of  an 
image  is  executed.  Such  reduction  of  data  flow  allows  to  perform  simultaneously  up  to  10 
tasks  of  the  remote  sensing  in  a  real-time  mode. 


Anatoliy  V.  Voikov,  Sergei  V.  Afanasiev 


After  imaging  of  the  Earth 
surface,  it  is  necessary  to 
perform  an  atmospheric 
correction  of  an  image.  For  this 
purpose  it  is  necessary  to  know 
the  total  concentration*  of  the 
aerosol,  ozone  and  others  small 
gas  components.  To  provide  a 
high-accuracy  correction  the 
data  from  a  number  of  spectral 
channels  must  be  transmitted  to 
ground  on  the  each  gas 
component.  Therefore,  an 
atmospheric  correction  should 
be  executed  by  the  OIPS.  It  will 
allow  to  increase  the  radiometric 
accuracy  of  an  earth  surface 
image.  Imagery  in  the 
(3.0...5.5)-(j,m  waveband  requires 
to  produce  a  radiometric 
correction  of  spectral  channels 
by  means  of  an  onboard 
calibrator. 

The  onboard  image 
processing  system  also  should 
perform  selection  of  the  areas 
under  cloudiness  in  an  image.  If 
the  value  of  a  cloud  coverage  of 
an  object  is  more  than  a 
specified  value  (percent)  then 
the  onboard  system  operation 
control  device  removes  that 
image  and  perform  imaging  of  a 
preliminary-specified  alternate 
object  on  the  current  or  next  orbit  revolution.  This  mode  of  operation  increases  in  several 
times  the  receiving  of  useful  scientific  and  commercial  images. 

OIPS  perform  image  compression  with  loss  of  the  information  with  ratio  20,  50  and 
100.  The  ratio  of  image  compression  is  set  by  the  program  of  operation  OIPS.  For 
compression  of  the  image  the  2-dimensional  tree-structured  wavelet  transform  is  used. 
The  computational  burden  on  executions  of  compression  are  determined  by  the  size  of  a 
mask  base  wavelet,  by  the  sizes  of  blocks  on  which  is  split  the  images  and  amount  of 
transform  levels  (than  these  parameters  more  themes,  the  quality  of  compression  is 
better).  Wavelet  transform  represents  a  convolution  2-dimensional  matrix  constmcted 
from  base  wavelet,  with  the  image  block. 

4.  Choice  of  circuit  technology  for  a  construction  OIPS. 

The  requirements  to  data  processed  streams  (up  to  10  Gbit/sec  on  all  spectral 
channels)  do  impossible  creation  of  the  system  with  the  centralized  topological  structure. 
Therefore  the  system  is  realized  on  a  principle  of  distributed  data  processing  on  the  basis 
of  processors  of  the  same  type.  The  processor  is  supposed  to  use  the  new  32-digit  digital 
signal  processor  (DSP)  of  the  Analog  Device  corporation  ADSP  21160.  The  ADSP-21160 
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Figure  2.  Image  Processing  Algorithm 
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includes  a  100  MHz  core  for  processing  both  32-bit  fixed-point  and  (32-bit,  40-bit) 
floating-point  data  types,  a  dual-ported  4  Mbit  on-chip  SRAM,  an  integrated  I/O 
processor  with  multiprocessing  support;.  The  ADSP-21160  typical  power  dissipation  is  2 
watts,  enabling  300  MFLOPS  of  performance  per  watt. 

The  use  of  the  32-  , 
digit  processor  is 
caused  by  necessary  of 
calculations  of  difficult 
mathematical 
functions  with  high 
accuracy. 

For  reaching 
required  computer 
power  as  the 
coproeessor  to  the 
central  proeessor 
OIPS  is  used  PLD  of 
a  family  FLEX  lOK  of 
the  Altera  corporation. 

Implementing 
DSP  functions  in 
FLEX  devices 

provides  the  following 
advantages  [3]: 

Parallelism 

Implementing  DSP 
algorithms  in 

hardware  permits 
parallelism,  leading  to 
significantly  higher 
performance  than 
typical  DSP  processors.  The  scale  of  a  function  can  often  be  increased  with  minimal 
performance  degradation.  In  contrast,  the  sequential  processing  of  traditional  DSP 
processors  causes  performance  to  degrade  linearly  as  the  size  of  the  computation 
increases; 

-  Efficiency  -  Many  DSP  algorithms  such  as  FIR  filters  involve  multiplication  by  a 
constant.  The  FLEX  architecture  contains  look-up  tables  (LUTs),  which  can  simplify 
multiplication.  The  LUT  stores  the  precomputed  values,  eliminating  the  area  and 
performance  cost  of  a  full  multiplier. 

-In-circuit  reconfigurability  (ICR)  -  ICR  permits  the  algorithm  or  function  to  be  changed 
while  operating  in-circuit.  This  feature  enables  algorithm  updates  in  the  filed  and  allows 
functions  to  vary  according  to  control  panel  input. 

-Specialized  algorithms  -  FLEX  lOK  devices  have  embedded  array  blocks  (EABs)  that  can 
implement  specialized  algorithms,  including  those  that  require  the  storage  and  rapid 
retrieval  of  intermediate  values  (examples  -  fast  Fourier  transform  (FFT),  2-dimensional 
FFT  and  discrete  cosine  transform  functions). 
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Figure  3.  Onboard  Image  Processing  System  Archilectiire 
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On  PLD  the  algorithms  of  radiometric  correction,  filtration,  feature  extraction  by  the 
different  spectral  band  images,  wavelet  transform  for  image  compression  will  be  realized. 


It  the  application, 
because  of  parallel 
processing,  will  allow 
on  one  -  two  of  the 
order  faster,  than  DSP 
to  execute  the  listed 
above  functions.  The 
given  chip  will  operate 
on  frequency  100 
MHz  with 

transmission  of  the 
information  on  DSP 
on  a  8-bit  port.  The 
choice  PLD  of  family 
FLEX  I  OK  is 
stipulated  first  of  all  by 
presence  in  it  of  the 
embedded  array 

blocks. 


Figure  4.  Use  of  compute  units 

Designed  performances  PIPS 


Capacity  of  input  channels 

8-16  bits 

Frequency  of  input  channels 

100  MHz 

Clock  frequency  of  DSP  n  FLEX  lOK 

Channel  capacity 

100  MHz 

-  low- rate  telemetiy  channel 

1-10  Mbit/sec 

-  high-rate  telemetry  channel 

Ratio  of  image  compression 

>32  Mbit/sec 

-  no  information  losses 

2  -  4 

-  with  information  losses 

20,  50 

Bus 

CompactPCI 

Frequency  of  output  channels 

33  MHz 

Capacity  of  output  channels 

32  bit 

Power  consumption 

<20  W 

Conclusion 

The  authors  design  variant  of  a  DIPS  architecture,  which  allows  to  achieve  the 
greatest  computer  power  DIPS  without  increase  of  clock  frequency  of  system  operation.  A 
distinctive  feature  of  the  offered  processing  system  is  the  use  as  computer  devices  DSP 
together  with  PLD.  Such  variant  has  some  advantages  compared  to  the  system 
constructed  only  on  DSP  or  processor  with  RISC  architecture: 
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-  From  two  up  to  several  tens  time  the  computer  power  of  the  system  is  increased  at 
implementation  of  a  2-dimensional  convolution  and  2-dimensional  FIR-filters,  that 
allows  proportionally  to  reduce  time  of  image  compression  and  multispectral  image 
processing; 

-  Allows  to  realize  at  application  PLD  of  large  integration  in  one  chip  together  with 
functions  of  signal  processing  and  function  of  the  controller  CompactPCI  bus  what 
that  to  reduce  the  nomenclature  of  used  chips. 

The  implementation  of  the  image  processing  module  in  a  format  CompactPCI  for  its 
interaction  with  central  computers  and  data  transmission  to  the  onboard  storage  device 
and  telemetry  system  allows: 

-  To  change  a  configuration  of  the  computing  system  depending  by  the  requirements 
to  its  computer  power  and  tasks,  which  it  will  decide,  mounting  required  modules; 

-  Allows  if  necessary  easily  to  realize  redundancy  of  some  modules. 
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IIocTaHOBKa  aa/iaHH 

B  HacTOflipee  BpeMa  npocneacHBaexca  xenjienpHa  yBejiKBCHHa  npocxpaHCXBCHHO- 
ro  paspemeHHH  CHCxeM,  npHnenaeMBix  b  aHCxanpHOKHOM  aoHAHpoBaHHH  3eMJiH.  C 
ApyroH  cxopOHbi,  noaBJiaexca  onBix  noBbimeHHa  HH(^opMaxHBHocxH  HSMcpeHnii  sa 
cxex  KOMnjieKCHOH  o6pa6oxKH  /laHHBix,  iiojiyHeHHbix  ox  paxjiHTOBix  npHSopoB. 

CyxB  sa^iia'XH  cocxohx  b  cjie^[yion];eM.  IlycxB  hmcioxch  KOCMHxecKHC  chhmkh  oa- 
Horo  H  xoro  ace  ynacxKa  scmhoh  nosepxHocxH,  reoMCxpHnecKH  coBMemeHHBie  Apyr  c 
ApyroM,  HO  HMeioHiHe  pasjiHHHoe  npocxpancxBeHHoe  paapemeHHe.  npe/^jiaraexca  o6- 
pa6oxaxb  cobmccxho  KOCMHHecKHe  chhmkh  hhskoxo  h  BbicoKoro  paapemcHHa  xbkhm 
o6pa30M,  HxoSbi  MoacHO  6bmo  c^ejiaxb  aocxoBcpHbie  bbiboabi  o  co^epacaHHH  neKoxo- 
pBix  KJiaccoB  acMHOH  noBepxHOcxH  B  KaacflOM  HHKcejie  na  chhmkb  khskoxo  paapeme- 
HHH  BHe  oGnacxen  BsaHMHoro  nepeceHCHHa  chhmkob  (nasoBeM  axy  o6pa6oxKy  cySnHK- 
ceabHbiM  aHajiHsoM). 

KocMHHecKHe  CHHMKH  OHHOxo  cexMCHxa  acMHOH  noBepXHOcxH,  HMeioraHe  paa- 
jiHHHoe  paapemcHHe  MoacHO  nojiyHHXb  necKonBKHMH  nyxHMH.  3xo  Moryx  Sbixb,  na- 
npHMep,  paaHbie  KaHajibi  OflHoro  h  xoro  ace  npnSopa,  jih6o  naHHbie  paanbix  cbeMOH- 
Hbix  CHCxeM.  B  HaHHOH  paSoxe  paccMaxpHsaexca  caynaH,  Kor^a  Bce  chhmkh  HHaKoro 
paapemeHHH  nonyHenbi  o^jhhm  npH6opoM  h  npeflcxaBxaiox  co6oh  paaHBie  nacxoxHbie 
KaHajibi  oHHoro  CKanepa.  Tan,  onHcaHnyro  aaa;aHy  MoacHO  pemnxb  ana  KocMHnecKHx 
CHHMKOB  CO  cnyxHHKB  "Pecypc-Ol"  (paapeuieHHe  45  m)  h  co  cnyxHHKa  NOAA-12  (5 
nacxoxHbix  KanajiOB  c  paapenienHeM  1.1  km). 

IIpeAHaraeMbiii  mctoa  pemeHnn 

npe;[iaaraeMoe  penieHHe  onncanHOH  npoSneMbi  ocHOBano  na  npeflnonoaccHHH  o 
HHHeHHOH  aaBHCHMOCXH  apKocxH  Ka)3fcaoro  HHKceaa  Ha  chhmkc  HHaKoro  paapemeHna 
ox  npoHCHXHoro  coaepacaHHa  b  hcm  xoro  hhh  HHoro  Knacca  noBepxHOCXH.  KaacHBiH 
Kxacc  HOBepxHocxH  BHocHX  B  oSh^hh  CHrHaji  CBOH  BKJiaA,  no  KoxopoMy  H  npeAJiaraexca 
onpe;a;enHXb  co^epacHMoe  ^^aHHoro  nHKceaa. 

Anajina  npoHaBOHHxca  b  HecKoabKO  axanoB. 

Bnanaae  nponaBOflHxca  KaaccH4)HKaHHa  «o6yHaioraero»  cHHMKa  bbicokoxo  paa- 
pemcHHa.  B  aanHOM  caynae  hhcho  KaaccoB  He  floaacHO  6oaee  neM  Ha  eAHHHny  npeBbi- 
maxb  HHcao  KanaaoB  cKanepa  c  nnaKHM  paapemeHHeM.  Tnnbi  noBepxHOcxH,  Bbiaeaae- 
Mbie  B  Kaaccbi,  BbiOnpaioxca  b  cooxBexcxBHH  c  aananeft,  —  nanpHMep,  Bo;^a,  pacxH- 
xeabHOCXB,  noHBa  h  nponee. 

Ha  caeflyioDreM:  axane  aJia  Kaacaoro  nHKceaa  «o6yHaK)n],ero»  chhmkb  HnaKoro 
paapemeHHH  BbiHHcaaexca  nponenxHoe  coaepacanne  b  hcm  KaaccoB  noBepxHocxH.  IlpH 
3XOM  Hcnoabayexca  HH(J)opMaHHH  o  Kaaccax  c  «o6yHaiomero»  chhmkb  BbicoKoro  paa- 
peraeHHa. 
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SaxeM  BfciHHCHHioTca  K03$(j)Hii;HeHTbi  ynoManyTOH  ScIbhchmocth,  Koxopbie  h 
npHMeHBroxcH  B^ocJIe^^cxBHH  jxm  peincHM  o6paxHOH  sa/taHH  —  HaxoH;];eHHa  npo- 
penxHoro  coB;ep>KaHHa  HeKoxoporo  KJiacca  noBepxHocxH  b  riHKceJie  CHHMKa  hhxkoxo 
paxpemeHHa  npn  msbccxhoh  apKOCXH  nHKceaefi.  TaxHM  o6p!i30M,  BbiaHcncHHe  Koa^)- 
(J)HpHeHX0B  floaacHO  npoHcxo^(HXb  c  HcnoabsoBaHHeM  chhmkob  bbicokoxo  h  hhskofo 
paspemeHHa,  cfleaaHUbix  npH6aH3HxeabH0  b  o^ho  h  xo  ace  BpeMa,  HHane  HSMeHCHHa 
noBepxHocxH  bo  BpeMenn  BHecyx  SHa'iHxeabHyio  floaio  norpemHocxH  b  BbiHHcacHHa. 

IlpH  nocxynacHHH  onepe^^Horo  cHHMKa  bbicokoxo  paapemcHHa  K03(|)(J)HpHeHXbi 
KoppeKXHpyioxca.  npaeMaeMaa  xohhocxb  aocxHxaexca  sa  cnex  HcnoabsoBaHHa  Bcex 
cncKxpaabHbix  KanaaoB  cHUMKa  hhskofo  paspemcHHa  (b  caynae  chhmkob  co  cnyxHHKa 
NOAA-12  —  5  cncKxpajibHbix  KanaaoB). 

Ohcbh/Iho,  hxo  b  sa^anax  onepaxHBHoxo  Ha6aio/i;eHHa  hcoSxo^hmo  BbiflcacHHc 
rpynnbi  xaKHX  KjiaccoB  noBcpxHocxH,  hsmchchhc  b  pacnoaoaccHHH  h  pasMcpax  koxo- 
pbix  npoHCxoflax  6bicxpo,  h,  caeaiOBaxcjXbHo,  hx  ii;eaecoo6pa3HO  oxcaeacHBaxb  c  mbk- 
cHMajibHo  BOSMoacHOH  HacxoxoH.  Tax,  BO  BpcMa  naBOflKOB  noaesHo  Ha6aK);];axb  sa 
npoa;BH>KeHHeM  xpoMKH  Bo;^bi,  anGo  sa  npopeccoM  xaaHHa  chcfobofo  noxpoBa;  npH 
HaGaioflCHHH  xpynHbix  noacapoa  xaxace  hcoSxo^hmo  nocxoaHHo  KOHxpoanpoBaxb  npo- 
aBHaccHHC  OFHa.  C  apyroH  cxopoHbi,  Hex  HcoSxoaHMOcxH  B  HcnpepbiBHOM  Ha6aioa;e- 
HHH  sa  xpaHHHaMH  aecoB  nan  ceabCKOxosaHCXBCHHbix  yxo^^HH. 

AKTyaabHOCTb  pemeHHH  sa^aaiH 

PemcHHC  OHHcaHHOH  sa^iaHH  nosBoaaex: 

Hoayaaxb  6oaee  onepaxHBHyio  HH^opMapHio  o  6bicxpo  npoxexaiomHx  nponec- 
cax.  BosMoacHocxb  iioayaaxb  chhmkh  bhcokofo  paspemcHHa  c  xpcGycMOH  aacxoxoH 
npeaocxaBaaexca  hc  Bcex^a.  B  3xom  cayaae  npoSacMa  oxaacxH  Moacex  6bixb  pemcHa  c 
HOMombK)  cySnHKceabHOFo  aHEiansa  6oaee  a;ocxynHbix  chhmkob  hhskofo  paspemcHHa: 
BbiHcaHB  soHbi  c  o/HiHaKOBbiM  HpoHCHXHbiM  co;^epacaHHeM  paccMaxpHBacMbix  KaaccoB 
nOBCpXHOCXH  H,  CpaBHHBmt  HX  Ha  paSHbIX  CHHMKaX,  MOaCHO  CyaHXb  o6  HSMCHCHHH 
pasMcpoB  H  HoaoaccHHa  3xhx  soh; 

oxBaxHXb  HaSaioflCHHCM  6oaee  o6mHpHbie  xeppHxopHH,  hcm  nosBoaaex  3xo  cae- 
aaxb  HcnoabsoBaHHC  chhmkob  xoabico  bhcokofo  paspemcHHa.  B  paccMaxpHBacMOM 
npHMcpe  CHHMKH  HHSKOFO  paspcmcHUK  oxBaxbiBaiox  6oaee  o6mHpHyio  naoipaab,  hcm 
CHHMKH  BHCOKOFO  paSpemCHHH.  K034)4’imHeHTH  SaBHCHMOCXH,  BblHHCaCHHbie  aaa  SOH 
nepcKpbixHa  chhmkob  pasHOFo  paspemcHHa,  MoacHO  hphmchhxb  aaa  cy6nHKceabHOFO 
anaansa  ocxaBmcHca  aacxH  noBcpxHocxH; 

yMCHbmHXb  saxpaxbi  na  HccaeaoBaxeabCKHC  paSoxbi  (b  hbcxhocxh,  CBasaHHbie  c 
coxpaHCHHCM  chhmkob)  b  paae  npHaoaccHHH,  hc  xpe6yiom;Hx  bhcokoh  xohhocxh  bh- 
aeacHHH  xpedycMHx  icaaccoB  noBcpxHocxH. 

TaKHM  o6pasoM,  npHMCHCHHC  cySnHKceabHOFO  anaansa  Moacex  6HXb  u;eaecoo6- 
pasHO,  HanpHMcp,  b  xex  cayaaax,  Koraa  Heo6xoaHMa  onepaxHBHaa  HH^iopManHa  o  hc- 
SHaHHxeabHbix  b  Macmxa6e  chhmkob  hhskofo  paspemcHHa  HSMCHCHHax,  KoxopHc,  oa- 
HaKO,  HCoGxoaHMo  oxcacacHBaxb,  anGo  aaa  pacnpocxpancHHa  HaGaioacHHH  noBbimcH- 
HOH  XOHHOCXH  Ha  SHaHHXCabHHC  XCppHXOpHH, 

npo6aeMbi,  BOSHHKaioiHiie  npH  pemeHHH 

B  Hacxoamee  BpCMa  npH  pemcHHH  nocxaBacHHOH  saaaHH  b  caynae  chhmkob,  ho- 
ayHCHHbix  c  pasHHx  cnyxHHKOB,  BosHHKarox  caeayKsmHC  xpyanocxn: 
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aBTOMaTHHecKEifl  npHBasKa  hcxo^hbix  chhmkob  k  reorpa4)HaecKHM  Koop^^HHaxaM, 
KOTOpaa  Heo6xo^(HMa  fljia  npocTpaHCTBCHHoro  coBMemeHHa  chhmkob  h  ot  tohhocth 
KOTOpOH  CymeCTBCHHO  SaBHCHT  KaHCCTBO  j^ajiBHeHmeH  o6pa60TKH; 

aBTOMaxHHecKaa  KJiaccH^HKaiiHa  noBepxHOcxefi  na  chhmkb  bbicokoxo  paapeme- 
HHa  c  ynexoM  nocxaBJicHHOH  hcjih; 

aBXOMaxHHCcKoe  oGnapyaceHHe  h  HCKJHOHCHHe  o6aacxeH,  saKpbixBix  o6aaHHO- 
cxBio,  ^^]Ia  yMeHbuieHHa  norpemnocxH  o6pa6oxKH;  npH  HCKOxopoM  noporoBOM  coAep- 
acaiiHH  saKpbixbix  o6aaKaMH  yaacxKOB  hcoGxoahmo  cobccm  oxKaaaxbca  ox  anaiiHsa, 

aBxoMaxHHecKoe  npocxpaHCXBCHHoe  coBMemcHHe  kocmhhcckhx  chhmkob  hhsko- 
ro  H  BbicoKoro  paapemeHHa. 

HexpyAHO  saMCXHXB,  hxo  ochobhbic  xpyAHOCxH  CBaaaHBi  c  nponeccoM  hoakoxob- 
KH  HCXoAHoro  Maxepnajia.  OAHaKO  HaAO  ynecxt,  hxo  Gojibhihhcxbo  achcxekh,  hcoGxo- 
AHMbix  AHa  paspemcHHa  nepeHHCJieHHbix  Bbime  npo6aeM,  BBinojinaioxca  o6a3axejibHO 
npH  pemeHHH  JHo6bix  saAan  no  AaJibHeHnieMy  HccjicAOBaHHio  chhmkob. 
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The  statement  of  the  problem 

The  tendency  to  increase  the  spatial  resolution  of  the  systems  used  in  the  Earth 
remote  sensing  is  now  traced.  On  the  other  hand,  there  is  an  experience  of  increase  of 
measurements  selfdescriptiveness  by  the  integrated  data  processing. 

The  problem  consists  of  the  following.  Let  there  are  remotely  sensed  images  of 
the  same  segment  of  the  Earth  surface  geometrically  combined  one  to  another,  but  have 
the  various  spatial  resolution.  It  is  suggested  to  process  this  images  so  that,  it  allows  to 
make  authentic  conclusions  about  some  surface  classes  contents  in  each  low  resolution 
pixel  (we  shall  name  this  processing  as  subpixel  analysis). 

It  is  possible  to  receive  different  resolution  remotely  sensed  images  of  one  Earth 
surface  segment  by  several  ways.  It  can  be,  for  example,  the  different  channels  of  the 
same  device,  or  different  remote  sensing  systems  data.  In  the  given  case  it  is  considered, 
that  all  low  resolution  images  are  obtained  by  the  same  device  and  represent  different 
frequency  channels  of  the  same  scanner.  So,  the  described  problem  can  be  decided  for 
images  from  the  "Resource-01"  (45  m.  resolution)  and  NOAA-12  (5  channels  with  1.1 
km  resolution)  satellites. 


The  proposed  solution  method 

The  proposed  solution  of  the  problem  is  based  on  the  supposition  about  linear  re¬ 
lation  between  each  low  resolution  pixel  brightness  and  its  surface  classes  percentage. 
Each  surface  class  introduces  to  the  general  signal  the  contribution,  which  is  used  to 
determine  contents  of  a  given  pixel. 

The  analysis  is  made  in  some  phases. 

In  the  beginning  classification  of  a  "learning"  high  resolution  image  is  made.  In 
our  case  number  of  classes  depends  on  the  low  resolution  scanner  channels  number.  The 
types  of  surfaces  grouped  in  classes,  are  selected  pursuant  to  a  problem,  -  for  example, 
water,  vegetation,  soil  and  other. 

At  the  following  phase  the  percentage  of  surface  classes  for  each  pixel  of  the 
"learning"  low  resolution  image  is  calculated.  Thus  the  classes  information  of  the 
"learning"  high  resolution  image  is  used. 

Then  the  factors  of  the  mentioned  relation  are  calculated  and  applied  afterwards  to 
the  solution  of  a  return  problem  -  to  determine  the  percentage  of  some  surface  classes  in 
each  low  resolution  pixel  using  known  pixels  brightness.  Thus,  the  calculation  of  factors 
should  happen  to  use  the  high  and  low  resolution  images  made  approximately  in  the 
same  time,  differently  the  time  surface  changes  will  introduce  a  significant  error  to  cal¬ 
culations. 

When  the  next  high  resolution  image  is  obtained  the  factors  are  corrected.  The  ac¬ 
ceptable  accuracy  is  achieved  by  using  of  all  low  resolution  image  spectral  channels  (in 
case  of  NOAA-12  —  5  spectral  channels). 
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Obviously,  in  tasks  of  operative  observation  it  is  the  necessary  to  allocate  groups 
of  such  surface  classes,  that  arrangement  and  size  are  changing  fast,  and,  therefore,  they 
are  expedient  for  watching  with  the  greatest  possible  frequency.  So,  during  high  waters 
it  is  useful  to  observe  water  edge  propagation,  or  snow  cover  thawing;  when  large  fires 
observation  it  is  also  necessary  to  inspect  fire  propagation.  On  the  other  hand,  there  is 
no  necessity  in  the  continuous  forest  boundaries  observation. 

The  solution  relevance 

The  solution  of  described  problem  allows: 

to  receive  the  more  operative  information  on  fast  flowing  past  processes.  It  is  of¬ 
ten  difficult  to  receive  high  resolution  remotely  sensed  images  with  required  frequency. 
In  this  case  the  problem  can  be  partly  solved  by  using  of  the  subpixel  analysis  with 
more  accessible  low  resolution  images:  by  allocating  zones  with  identical  considered 
surface  classes  percentage  tind  comparing  them  for  different  low  resolution  images,  it  is 
possible  to  determine  resizing  and  position  changes  of  these  zones; 

to  expand  observation  for  more  extensive  territories,  than  it  allows  by  using  of 
high  resolution  remotely  sensed  images  only.  In  a  considered  example  the  low  resolu¬ 
tion  images  cover  the  more  extensive  area,  than  the  high  resolution  ones.  It  is  possible 
to  apply  the  relations  factors,  calculated  using  the  overlap  zones  of  different  resolution 
images,  for  the  subpi;>cel  analysis  of  the  rest  of  the  surface; 

to  reduce  research  activities  costs  (in  particular  connected  with  images  storing)  in 
a  number  of  the  applications  which  are  not  requiring  the  high  accuracy  of  demanded 
surface  classes  allocation. 

Thus,  it  is  efficient  to  use  the  subpixel  analysis,  for  example,  when  need  to  get  an 
operative  information  on  little  surface  classes  changes  using  low  resolution  images,  or 
when  expanding  observations  of  increased  accuracy  on  large  territories. 


The  arising  problems 

In  case  of  different  remote  sensing  systems  images  processing  the  following  diffi¬ 
culties  ai'e  arising: 

automatic  binding  of  initial  images  to  geographical  coordinates,  which  is  neces¬ 
sary  for  spatial  overlapping  of  images  and  on  which  accuracy  quality  of  further  proc¬ 
essing  essentially  depends; 

automatic  classification  of  surfaces  on  the  high  resolution  images  according  to 

task; 

autodetect  and  elimination  of  areas  covered  by  clouds,  for  reduction  of  processing 
errors  number; 

automatic  spatial  overlapping  of  different  resolution  remotely  sensed  images. 

It  is  easy  to  notice,  that  the  main  difficulties  are  connected  to  the  initial  material 
preparation  process.  However  it  is  necessary  to  take  into  account,  that  majority  of  op¬ 
erations  necessary  for  the  above  listed  problems  solution,  are  executed  necessarily  dur¬ 
ing  the  solution  of  any  problems  on  further  research  of  remotely  sensed  images. 
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Pe^Jepax 

^oioiaB;  npeflCTaBJurex  onncaHHe  nporpaMMHoro  KOMiuieKca  o6pa6oTKH 
/laHHLIX  ^tHCTaHItHOHHOro  30HflHpOBaHHH  paB,HOJ10KaTOpOM  C 
CUHTeSHpOBaHHCM  aiiepTypM  aHTCHHbl  (PCA).  PaCCMOXpeHbl  KOHItenitHH 
KOMnjTCKca,  ocHOBHbie  xpeSoBanHH  k  HCMy,  nepeneHb  peinaeMbix  3aflaH, 
cxpyKxypa  h  cocxaB  cpeacxB.  npHseiteHO  KpaxKoe  onncaHHe  bxob^ubhx  b 
nporpaMMHbiH  KOMiuieKc  MOflyjieH. 

B  flOKJia^xe  paccMaxpHBaexca  KOHU,enuH«  nporpaMMHoro  KOMnjieKca 
o6pa6oxKH  pajtHOjioKapnoHHbix  n;aHHbix  flHcxanmHOHHoro  aomrHpoBaHna 
SeMJTH  Ha  HaaeMHOM  nyHKxe  -  KoMnjieKC  06pa6oxKH  Pa/tHOjioKauHOHHbix 
ilaHHbix  (KOP^).  CncxeMa  npe^f^Haananena  oOpaOoxKH  aaHHbix  kbk  c 
KocMnnecKHx  njiax(J)opM,  xax  h  c  aBHamHOHHbix  HocHxejieii.  B  ochobc 
KOHnenuHH  jiexcHT  xpeSoBaHHe  k  chcxcmc  o6pa6oxKH  no  MaKCHMajibHO 
nojiHOMy  Bbwejienmo  HHcJjopMannH  ns  paflnojioKanHOHHWx  /laHHbix  n 
rcHepannio  nonnoro  naSopa  BxopmiHbix  HH(i)opManHOHHbix  npoayKXOB. 
KOP/I,  flojixoia  paOoxaxb  c  ;i;Byf/iH  xnnaMH  n;aHHbix  B,3.  K  nepBOMy  xnny 
OXHOCOTCH  flaHHbie  c  KOMMepnecKHX  pa;];HOJioKau;HOHHbix  chcxcm 
Ha6jno;3eHHH,  x.e.  xaiore  aaHHbie,  Koxopwe  ^ocxynnw  mnpoKOMy  Kpyry 
nojibaoBaxejien,  pacnpocxpaHHKJXcn  6e3  kbiohx-jihOo  orpaHmiennii  n 
conpoBoxa];aK)xcH  ^tocxaxoHHo  hojihoh  cjiyxceSnoH  HHtJjopManneH, 
nocxaxonHOH  ryin  flajibHenmen  o6pa6oxKH.  IlporpaMMHbiH  komojickc  KOP/I, 
noaaepxcHBaex  o6pa6oxKy  xaKoro  xnna  ziaHHbix  b  nacxH  chhmkob  c 
KocMEraecKHx  PCA  SIR-C/X,  ERS-1/2,  JERS-1,  Radarsat,  ALMAZ- 1. 
CxpyKxypa  nporpaMMHoro  KOMnjieKca  HBJiaexcH  pacmnpaeMOH,  x.e.  Moxcex 
6bixb  floOaBJiena  B03Mox<mocxb  paOoxw  c  AaHHMMH  nepcneKXHBHWx 
pa/iHojioKan;HOHHb]:x  cHcxeM  HaGjiiofleHHH,  xukhx  KaK  Radarsat-2, 
ENVISAT.  Ko  BxopoMy  xnny  B,aHHbix  oxhochxch  chhmkh  c 
HeKOMMepHeCKHX  H  CnennajIbHblX  pari,HOJIOKanHOHHbIX  chcxcm, 
odjiariaioinHx  cneu,H<J>HHecKHMH  xapaKxepHcxHKaMH  h  nacxo  He 
conpoBoxcniaeMbie  non,po6HOH  cjiyxceSHOH  HH4)opMa]iJ:HeH.  K  3xoMy  rnny 
oxHocHXCM,  HanpHMep,  ^laHHbie  c  caMOJiexHwx  HocHX6.xeH  PCA.  Oothm  H3 
ocHOBHbix  xpeOoBaHHH  K  KOP/(  MBJiHexcH  noOTepxoKa  o6pa6oxKH 
MHoronacxoxHbix,  MHoronojiBpHaanHOHHbix,  MHoropaKypcHbix  h 
paaHOBpeMeHHbix  flaHHWX.  Ha  Bbixon,e  CHCxeMw  4)opMHpyexcii  nadop 
HH4)opMaii;HOHHbix  npoayicxoB  hjih  cjioes.  3xh  cjioh  Moryx  6bixb  b 
B^ajibHeHineM  HHxerpHpOBaHH  b  HaHOojiee  pacnpocxpaHeHHLie 
reoHH(J)opManHOHHbie  CHCxeMW.  IlpHMepaMH  cjioeB  hbjwioxch  pacxpoBbie 
HJiH  BCKXopHbie  flaHHbie  c  peayjibxaxaMH  KJiaccH4)HKan:HH  c 
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Hcnojib30BaHHeM  paajiHiTHHX  cbohctb  paAHOjioKaiJ,HOHHoro  CHrHajia 
(orpaxcaxejibHOH  chocoShocth  noBepxHocxH,  npocxpaHcxBCHHOH  xeKcxype 
CHHMKa,  XapaKXepHCXHKaM  J^BIIXCymHXCH  oSbCKXOB)  HJIH  HOBbie 
HH(})opMai];HOHHbie  npoflyKXbi,  xaKHe  KaK  UH(i)poBbie  MOflejiH  pejibe(|)a, 
MaxpHiibi  jioKaJibHbix  HaKjioHOB  noBepx]XocxH,  peayjibxaxbi 
KoppejiHiiHOHHoro  anajiHsa  flByx  h  6ojiee  chhmkob  h  x.fl. 

JXe^i  6ojibinoro  HHCjia  nojiibaoBaxejieH  aamibix  jjHcxaHiiHOHHoro 
30HZIHp0BaHHH,  npHBblKbUHX  K  pa6oxe  C  OnXineCKHMH  flaHHbIMH, 
BocnpHMXHe  paflHOJioKanHOHHOH  HH4)opMaii;HH  npeflcxaBJMex  onpeflejieHHbie 
XpyflHOCXH.  3x0  CBM3aHO  C  HeKOXOpbIMH  0C06eHH0CXHMH  pacceaHHH 
pajiwojioKaiiHOHHoro  CBH  CHXHajia  noflcxHJiaiomeH  noBepxHocxbio  h,  KaK 
cjie^XcxBHe,  c  HpKocxbio  oGbeKXOB  nosepXHocxH  Ha  chhmkc.  Bxopofi 
oco6eHHOcxbio  PCA  HBjiaexca  6okoboh  o630p  npH  nojiyqeHHH  chhmkob  h 
CBH3aHHbie  C  3XHM  CHeHHlJiHHeCKHe  reOMeXpHHCCKHe  HCKaaceHHH.  TaKHM 
o6pa30M,  oziHOH  H3  Li,ejieH  co3j!];aHHH  KOP/I,  HBJiflexcH  npeo6pa30BaHHe 
CHHMKOB  PCA  K  CXaHflapXHOH  4^0pMe  Hpe^tCXaBJICHHH  (njiaHOBan 

npOCKHHil),  npH  KOXOpOH  B03M0XCH0  COBMemCHHC  HX  C  flaHHbIMH, 
nOJiy^CHHblMH  flpJTHMH  ^[aXHHKaMH. 

B  JIHXepaxypHbIX  HCXOHHHKaX  MOXCHO  HaHXH  HCCKOJIbKO  KOHHCnHHH 
o6pa6oXKH  paB;HO.XOKaHHOHHbIX  ZiaHHbIX  ZlHCXaHHHOHHOrO  SOHflHpOBaHHH, 
HanpHMcp:  KOHHenHHH  HHxep4)epoMexpHHecKOH  [1],  [2]  h 

B:H(J)4)epeHii;HajTbHOH  HHxep4)epOMexpHMecKOH  o6pa6oxKH  [3],  [4], 

reHepaitHH  i];H4>poBbrx  Kapx  na  ochobc  EXOpH^mbix  npoflyKxoB 

HHxep(J)epoMexpH4ecKOH  o6pa6oxKH  [5],  [6],  [7],  rcHepaHHH 

xonorpa(^HHecKHX  Kapx  [8]. 

npeB;cxaBjieHHaH  b  sxom  ;ioKJiaB:e  KOHneniiHii  h  ee  peajiHaaiiHH 

onepHpyex  c  nojiHbiM  nepcHHeM  npo^yKXOB  pa^HOjioKai^HOHHWX  flaHHbix,  a 
He  xojibKo  c  KaKOH-jinSo  BexBbio  o6pa6oxKH.  OGman  cxeMa  noxoKa 
o6pa6oxKH  ziaHHMX  npe^cxaBjieHa  na  pHcyHKe  1.  Ha  pHcyHKe  2  noKaaan 
“napaMexpHMecKHH  Ky6”,  c  noMoiubio  Koxoporo  Moxcex  6bixb  npezi;cxaBJieH 
Becb  o6beM  hcxo^^hmx  j^aHHbix  b;jih  o6pa6oxKH,  BKJHonafl 
HHxep4)epoMexpHHecKyio  Ha  necKOJibKHX  nacxoxax  h  c  paaHbiMH  6a3aMH, 
cxepeoo6pa6oxKy  ii  pasjiHHHwe  Mexoflbi  KjiaccH4)HKaD:HH. 

npeflcxaBjicHHaH  b  flOKJia^e  KOHHeni^Ha  chcxcmm  o6pa6oxKH 
pa^HojioKaHHOHHbix  ;];aHHbix  ^3  peajiH30BaHa  b  HHO  ManiHHocxpoeHHH  b 
BH/i;e  nporpaMMHoro  naKexa,  BRjiionaiomero  b  ce65i  HaSop  MoziyjieH, 
Koxopbie  Moryx  6bixb  cKOMSnHHpoBaHbi  b  paajiHHHbix  coHexannax, 
cooxBexcxByioumx  HejiHM  o6pa6oxKH.  IlaKex  opHenxHpoBan  na  pa6oxy  na 
nepcoHajibHbix  KOMHbioxepax  e[jih[  pa6oHHX  cxannuax  nog  ynpaBjicHHCM 
onepaHHOHHbix  cHcxeM  Windows95,  Windows98,  WindowsNT. 

MoByJiH  B  cocxase  naKexa  Moryx  6bixb  ycjioBHo  pa3ji;ejieHbi  Ha 
C^OpMHpyiomHe  OCHOBHOH  DOXOK  o6pa6oXKH  flaHHbIX  H  MOByJIH 
odecneHHBaiomHe  BbinojiHCHHC  cjiy}Ke6Hbix  onepaijHH. 

CipyKxypa  KOP^  BKjiioaaex  b  ce6a  cjie^iyiomHe  MoayjiH. 

1.  Moflyjib  nepBHHHOH  o6pa6oxKH  flaHHwx  PCA  (cHHxea  H3o6paaceHH5i 
H3  paflHorojiorpaMMbi).  Moflyjib  HMeex  cjie^iyiomHe  ochobhmc  cbohcxbb  ; 
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-  B03Mo:»CHOCTfa  H3MeHeHE[H  nojib30BaTejieM  napaMexpoB  onopHOH 

-  Hcnojii>30BaHHe  aaaiiTHBHoro  ajiropHTMa  o6pa6oTKH; 

-  peajiHaaiiHH  npone^ypH  “Sbicxporo”  CHHxeaa  c  yxyaiueHHbiM 

npocxpaHcxBeHHbiivp  paapemeHHeM  pjiK  nonyHeHHH  oSaopHbix  H3o6pa»[eHHH 
nojiHOH  c^eHbI  H  BbiSopa  no  hhm  nnxepecyiomero  nojibaoBaxejia  ynacxKa 
fljia  najibHeHiuen  ;^exajibHOH  o6pa6oxKH; 

HajTHHHe  4)yHKIIHH  aBXo4)OKyCHpOBKH  H  HHXCpaKXHBHOH 
c|)OKyCHpOBKH,  npOH3BOfl;HMOH  OncpaXOpOM  no  Bbl6paHHbIM  MpKHM  XOHKaM. 

2.  MoA>3ib  reoKoziHpoBaHHfl  n  opxopeKXH4)HKaLi;HH 

pajxHoaoKaiiHOHHbix  H3o6pa*;eHHH.  Mo/iyjib  peajiH3yex  cjicffyiomne 
6a3HCHbie  4>yHKLI,HH: 

-  xeoKoztHpoBaHHe  (xpaHC(J)opMau;HH  H3o6pa]«eHHH  H3  npocKunn 

naKjioHHOH  njiH  naaeMHon  flajibnocxn  PCA  b  BbiSpannyio 

KapTorpa(J)nqecKyio  npoeKUHK)); 

-  opxopeKXH4)HKan;Hii  naoSpaxcennH  (npeoSpaaoBanne  k  njianoBon 
npoeKunn)  c  HcnojibaoBanneM  onopHbix  pn^poBbix  Kapx  pejibe4)a 
MecxHocxH  HjiH  HH(|)poBbix  Mo/iejicH  B03BbimeHHH  pejibe4)a,  nojiyqeHHbix 
cxepeo  HJIH  HHxep4)epoMexppi'iecKOH  o6pa6oxKOH  caMHX 
pa/iHOJioKauiHOHHbix  ztaHHbix; 

-  reoKo^^npoBanne  n  opxopeKXH4)HKau;iw  iiH4)poBbix  Maxpnii  pejibe4)a, 
crenepHpoBaHHbix  cxepeo  n  HHX6p(j3epoMexpHtiecKHM  npou,eccopaMH; 

-  XpaHC(J)OpMau:H5I  H3o6paXCeHHH  H3  npOeKDiHH  naKJlOHHOH  ;^ajIbHOCXH 
B  naaeMHyio  nyxeByio  iipoeKtiHJO  (b  Ka’aecxBe  Moaejin  noBepxnocxn  Moxcex 
Gbixb  HcnojibaoBana  ruiocKocxb,  ccjiepa  hjih  ajuinncoHjo;); 

-  yxonnenne  xeKjonnx  napaMexpoB  opGnxbi  njiax(i)opMbi  PCA  c 
HcnojibaoBanneM  naaeMHbix  KonxpojibHbix  xoneK  Bbi6paHHbix  na 
H3o6paxceHHH  (peinenne  oGpaxnon  3a;i,aBH); 

pacnex  MacKH  oGjiacxen  Baxenenna  oGpaGaxwBaeMoro 

H3o6paxceHHa  n  MacKH  oGjiacxen  c  oGpaxHbiMH  CKXonaMH  oxHocnxejibHO 
nanpaRxenna  BnanpoBaHna. 

3.  Moziyjib  renepaunn  nH(J)poBbix  Maxpnu  pejibe4)a.  B  naKexe 
peairaaoBano  flBa  Mexo/ta:  cxepeoMexpnnecKnn  n  HHxep4)epoMexpHnecKHH 
KaK  /];Ba  paagejibHbix  nporpaMMHbix  nponeccopa.  ^Jia  cxepeo  nponeccopa  b 
KaaecxBe  BxoflHbix  ^taHHbix  ncnojibayioxca  chhmkh  b  naaeMHOH  nyxeBon 
npoeKnnn,  a  wm  HHxep(i)epoMexpn4ecKoro  nponeccopa  b  npocKunn 
naKJlOHHOH  flajibHocxH.  Bbixoj[i;oM  o6ohx  npoLi;eccopoB  aRiraexca  pacxpoBbiH 
(JiaHJi,  npeflcxaBJiHioiUMH  coGoh  reoKO/iHpoBaHHyio  h 
opxopeKXHcJiHnHpOBaHHyK)  MaxpHuy  BOBBbimeHHH  pejibe^a.  06a 
nponeccopa  b  KanecxBe  aonojiHHxejibHOH  ^lyHKnnn  HMerox  BOXMoxcnocxb 
HcnojibBOBaxb  onopHbie  B;aHHbie  o  pejibe^ie.  3xo  Mo;»cex  6bixb  cxanjtapxnaa 
UH^poBaa  Kapxa  peabe43a,  Gojiee  KpynHOMacmxaGHaa  h  c  xyjnuMM 
paapemeHHeM,  aeM  peayjibXHpyioinaa,  mi6o  peayjibxax  BoccxaHOBaenHa 
peabe4)a  ^[pyrHM  mcxo^Iom,  cxepeo  mcxojiom  ojih  HHxepiJiepoMexpHaecKoro  h 
naoGopox.  /l,aa  HHxepiJiepoMexpHaecKoro  Mexo;i;a  peajiHaoBana 
MHoronacxoxnaa  o6pa6oxKa  h  HcnojibaosaHHe  rpynnw  chhmkob  c  paanbiMH 
HHxepcJjepoMexpnaecKHMH  GaaaMH.  B  KaaecxBe  flonojiHHxejibHoro  npo^yxxa 
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HHTep(|>epoMeTpnHecKOH  o6pa6oTKH  co3Zi;aeTC5i  MarpHua  KorepeHTHOcTH 
CHHMKOjB,  KOTOpaH  MOXeT  6HTb  HCn0JIb30BaHa  npH  KJiaCCH<J)HKaii;HH  THnOB 
paCTHTejIbHOCTH,  nOKpbIBaiomHX  nOBepXHOCTb,  H  MaxpHIja  JIOKajIbHbIX 
HaKJioHOB  noBepxHocTH.  Bojiee  ^lexajibHo  npoiieccopbi  BoccTaHOBJieHiM 
pejib64)a  noBepXH6cTH,  paapaBoxaHHbie  b  HTTO  MaiUHHOCTpoeHHa, 
paccMOTpeHbi  B  [9]. 

B  HHxep^epoMeTpEraecKHH  npoqeccop  BKmo^eHa  BosMoxcHocxb 
o6pa6oxKH  ^aHHbix  PCA  Mexo7i;oM  B;H4>4^epeHii;HajibHOH  HHxep4)epoMexpHH, 
no3BOJi5{ioiii;eH  oSnapyxcHBaxb  Me:iiKOMacmxa6Hbie  (flo  eflHHHH,  caHXHMexpoB) 
noflBHJKKH  3eMHOH  noBcpxHocxH  no  xpeM  H  6ojiee  HHxep(|)epOMexpiTqecKHM 
CHHMKaM. 

4.  Moflyjib  KJiaccH(J)HKaLi;HH  oSbeKXOB  Ha  noBepXHOCXH.  AjiropHXMbi 
KJiaccH^JHKaiiHH  MoxcHo  pa3AejiHXb  Ha  flBe  rpynnbi,  cooxBexcxByioiuiHe  xnpy 
KJiaccH^HHHpyeMbix  oSbeKXOB.  Bee  o6beKXbi  ycjioBHo  paaflejimoxcH  na 
xoHCHHbie  HejiH  H  npocxpaHcxBeHHO  pacnpej];ejieHHbie  o6i>eKXbi.  ToMCHHbie 
HejiH  npezicxaBJiHiox  co6oh  HpKHe  sjieMeHXbi  H3o6paxceHHH  pasMepOM  b 
HeCKOJlbKO  HHKCejIOB.  OBbWHO  3X0  o6'beKXbI  HCKyCCXECHHOrO 
npoHcxoxmeHHH.  06beKXbi  na  H3o6paxeHHH,  HMeiomne  ecxecxBeHHyio 
npHpo^y  (jieca,  BOfloeMbi,  cxpyKrypw  pejibe4)a),  hjth  cejibCKoxoaMcxBeHHbie 
nojiB  paccMaxpHBaioxcH  Ka  npocxpaHcxBeHHO  pacnpeflejieHHwe  o6i>eKXbi. 
CorjiacHO  xaKOMy  flejicHHK),  Mo^xyjib  KJiaccH4)HKaHHH  pa3fl6JiHexc5i  na  abc 
rpynnbi  ajiropnxMOB: 

-  ajiropHXMbi  fljia  oSnapyxceHUH  n  KJiaccH<i)HKanHH  xoneHHbix  nejien 
Ha  {J)OHe  cneKJi-iuyMa,  HMeiomero  paajiirxHbie  cxaxHCXHHecKne  cBoncTBa 
(xeKcxypy); 

-  ajiropHXMbi  KJTaccH4)HKanHH  XHnoB  HozicxHjiaiomeH  noBepXHOcxH 
pa3JiHHHbiMH  noflxoji;aMH:  c  o6yqeHHeM  h  6e3  o6yqeHHa,  ajiropHXMbi 
HcnojibayiomHe  HeMpocexeByio  KjiaccHiJiHKanHK). 

5.  Monyjib  oBHapyxceHHH  nBHxyniHxcH  nejicH. 

6.  Monyjib  yjiyiimeHHa  H3o6paxceHHH.  B  Monyjie  peajiH30BaHbi 
^lyHKHTiH  noflaBJicHHH  cneKji-iiiyMa  h  cxannapxHbie  onepaHHH  o6pa6oxKH 
H3o6paxceHHH  (KoppeKUHH  xHcxorjiaMMbi,  BbiflejieHHe  KOHxypoB,  cBepXKa  h 
X.H.)‘ 

7.  Monyjib  anajiHsa  H3o6pa»:eHHH.  BKjnonaex  cjienyiomHe  ochoehmc 
rpynnbi  ajiropnxMOB  anajiHaa: 

-  xeKcxypHbiH  aHajiH3  no  oflHOMepHOH  h  /iByMepHOH  rHcxorpaMMaM 
H3o6pa}KeHH5i; 

-  nacxoxHbiH  ami/iH3,  BKjnoHan  onepanHH  KoppeKHHH  cnenxpa  h 
rcHepanHH  HOBoro  HsoSpaxccHHii  co  cKoppeKxnpoBaHHbiM  cneKxpoM; 

-  perpeccHOHHbiH  anfuina. 

8.  MoAyjib  HMnopxa  h  SKcnopxa  ^laHHbix,  3xox  Mo^iyjib  BbinojiHaex 
Ha6op  onepaiiHH  no  npeo6pa30BaHHK)  HcxoflHbix  naHHbix  bo  BHyxpcHHHH 
4)opMax  naKexa,  HxeHHe  HanGoiiee  pacnpocxpaneHHbix  BapnaHXOB  4>opMaxa 
naHHbix  CEOS,  sanHCb  napaMexpoB  CEOS  b  aarojioBOK  (Jianjia 
HsoSpaxceHHH  hjih  b  oxaejibHbiH  (JiaHJi,  3Kcnopx  peayjibXHpyioniHX 
paexpoBbix  H3o6paxeHHH  H3  BHyxpcHHero  4>opMaxa  b  HanSojice 
pacnpocxpaneHHbie  4>opMaxbi,  no/wep»CHBaeMbie  npyrHMH  naKexaMH 
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oSpaSoTKH  pacTpOBbix  H3o6pax<:eHHH,  h  b  ^opMaTBi  reoHH^JopMai^HOHHWx 
CHCTCM.  B  MOflyjie  BbinojitweTCH  TaKan  cneD;H4)m[ecKaH  ajib 
pa^iHojioKaiiHOHHbix  flaHHbK  onepa]pHB,  KaK  npeoGpaaoBaHHe 
hhtchchbhocth  aMnjiHTynHoro  CHHMKa  b  SHaBeHKB  y^ejibHOH 
34)(J)eKTHBHOH  lUlOma/^H  paCCeBHHH,  KOTOpbie  BBJIBIOTCB  MepOH 
oTpaxcaxejibHOH  cnocoGHocxH  noBepxHOCXH  h  HcnojibsyioxcB  ajib 
KJiaccH4)HKaii;HH  xHnoB  noBepxHocxH.  Moayjib  SKcnopxa/HMnopxa  BKJiioBaex 
HCKoxopwe  ajiropHXMbi  cxcaxHB  aanHbix. 

9.  MoByjib  xpexMepHoro  npe/icxaBneHHB  peayjibxaxoB  o6pa6oxKH 
paAHojioKaiiHOHHbix  flaHHbix.  oSecneBHBaex  BosMoxcHOcxb  nepcneKXHBHoro 
npejicxaBJieHHB  ij;H<J)pOBbix  MoaejieH  pejibe4)a  c  HajioxceHHeM  Ha  hhx 
aMruTHxyflHbix  H3o6paxceHHH  (xeKcxyp),  BHeflpeHHeM  xapaKxepncxHK 
oSBeKxoB  H3  6a3bi  flaHHbix,  npeBicxaBJiBiomHX  co6oh  pe3yjibxaxbi 
KnaCCH4)HKaEtHH  XHHOB  HOBepXHOCXH  H  XOBCBHblX  pejicH.  HeoSxOflHMOCXb 
peajiHsaiiHH  xpemepHoro  npeACxaBBeHHB  peayjibxaxoB  o6pa6oxKH  b 
nporpaMMHOM  naKexe  o6ycjioBjieHa  BaxcHOcxbio  KOHxcKcxHoro  aHajinaa 
onepaxopoM  BceH  coBOKyoHocxH  nojiyxeHHbix  ^aHHbix, 

10.  Moayjib  MOflejiHpoBabrHB  paAHojioKaijHOHHbix  flaHHbix.  HMeexca 

B03MO)KHOCXb  MO^[eJIHpOBaHHB  CJie,ayiOmHX  XHHOB  B.aHHbIX: 

-  paziHorojiorpaMMa; 

-  H3o6pa>KeHHe  B  npoeKHHH  HaKJIOHHOH  flajIbHOCXH  H  B  HpOeKpHH 
HaaCMHOH  ^lajTbHOCXH  B  KOMHJieKCHOH  HJIH  BieHCXBHXejIbHOH  (J)opMe; 

-  HHxep4)eporpaMMa  noBepXHocxH,  KOMneHCHpoBaHHaB  (^aaa  saBHCHx 
xojibKo  ox  Bbicoxbi)  H  HCKOMHeHCHpoBaHHaB  (HaCcF  cjiaabi  no  Bbicoxe  H 
HaaeMHOH  ziajibHocxH); 

-  BxopoH  CHHMOK  cxepeoHapbi  c  Hcnojib30BaHHeM  napaMexpoB 
B:BH>KeHHB  H  aMnjiHxyzi  nepBoro  cHHMKa. 

MoziejiHpoBaHHe  paMHOjioKauHOHHbix  ^aHHbix  paa^iejiBexcB  na  asa 
nponecca:  reoMexpHHecKoe  h  paOTOMexpHnecKoe  MOZi;ejiHpoBaHHe.  B 
nporpaMMHOM  6jioKe  reoMexpimecKoro  MOB:ejiHpoBaHHB  paccBHxwBaiorcB 
npocxpaHcxBeHHbie  cooxHomenHB  Mexoiy  ajieMCHxaMH  noBepxHocxn  na 
cHHMKe  c  HcnojibaoBarmeM  napaMexpoB  flBHXceHHB  njiax4)opMbi,  ycjioBHBMH 
cT>eMKH  H  flaHHbix  o  Bbicoxax  pejibe(jDa.  B  6jioKe  pa^HOMexpHnecKoro 
MOflejHipoBaHHB  onpeflejiBexcB  BpKOCxb  Kaxcfloro  ajieMenxa  CHHMKa  c 
npHBjieneHHeM  peayjibxaxoB  reoMexpHHecKoro  MonejiHpoBaHHB,  anpHopHO 
H3BecxHoro  ypoBHB  mepoxoBaxocxH  noBepxHocxH  m  ee  flHSjieKXpHraecKHX 
CBOHCXB.  fljiB  paziHOMexpitnrecKoro  MOflejiHpoBaHHB  BwCnpaexcB 
cooxBexcxByioinaa  nepcHHCjieHHbiM  Bbime  napaMexpaM  Mojaejib 
paflHOjioKanHOHHoro  pacceBHHB  noBepxHocxH.  B  naKexe  peajinaoBaHbi 
HanSojiee  pacnpocxpaneHHbie  Mo^ejiH  pacceBHHB:  reoMexpHnecKon  onxHKH, 
(J)H3HHeCKOH  OnXHKH,  HHXeipajlbHaB  H  HCKOXOpbie  npOCXbie  MOfleBH,  KaK  xo, 
(})yHKnHB  KocHHyca  B  cxeneHH  o^HH,  nojixopa,  ^Ba,  i?pH. 

npHBezi,eHHbie  HHxce  pHcyHKH  aeMOHCXpnpyiox  neKoxopwe  peayjibxaxbi 
o6pa6oxKH  MHoronacxoxHbix  flaHHWx  PCA  npe^cxaBjieHHbiM  naKexoM 

KOPA. 

Ha  pHcyHKe  3  noKaaano  aMnjiHxyflHoe  HaoSpaaceHHe  ynacxKa 
Mockobckoh  oGriacxH  b  paHone  r.^yKOBCKHH,  nojiyiennoe  PCA  SIR-C  b  L 
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flHana30He  bojihw  24  cm).  3to  nacTb  nojiHoro  cHHMKa,  o/iHoro  H3 

rpynnw  xecTOBbix  flaHHbix,  Koropaa  BKjnoaaex  chhmkh  L,  S,  C,  X 
aacxoxHbix  >[i,Hana30H0B,  nojiyacHHbix  PCA  AjiMa3-l,  ERS-1  h  SIR-C/X. 

Ha  pHcyHKc  4  npeflcxaBjicna  KOMneHCHpoBaHHaa  HHxep(J)eporpaMMa 
(pa3H0CTH0-ia30BaA  KapxHHa  nosepxHocxH)  b  C  AwanaaoHe  no  yaacxxy, 
noKaaaHHOMy  na  pncynKc  3.  CKaaKooSpaanoe  HSMeHCHHe  apKocxn 
cooxBcxcxByex  (^aaoBOMj^  nepexo^ty  0-360  rpa/iycoB. 

Ha  pHcyHKe  5  noKaaana  iiH4>poBaa  Mo^ejib  pejibe(i)a,  noayaeHnaa 
HHxep4)epoMexpHaecKOH  o6pa6oxKOH,  b  xpexMcpnoM  npcAcxaBjieHHH. 

Ha  pHcyHKc  6  npejjcxaBaeHbi  peayabxaxw  KJiaccH4>HKanHH  xnnoB 
nOBCpXHOCXH  npH  COBM6CXHOH  oSpaSoXKC  MHOroaaCXOXHbIX  aaHHbIX  PCA 
SIR-C/X.  npH  BH3yajiH3aii;HH  ncnoabaoBajiHCb  iiBexoBbie  RGB  Kanajibi, 
cooxBexcxBCHHo,  ®ia  aMiuiHxyflHoro  cHHMKa  C  ananaaona,  paanocxH 
aMnjiHxya  Mexq^y  cHHMKaMH  L  n  C  flnanaaoHOB  h  MaxpHii,bi  (J)a30B0H 
KorepenxHocxH  Mexqxy  pasHOBpeMeHHWMH  cHHMKaMH 

HHxep4)epoMexpHaecKOH  napbi  C  flnanasoHa. 

Ha  pHcyHKe  7  npeflcxaBjienbi  peayabxaxbi  KjiaccH4)HKanHH  Sea 
oSyaeHHa  c  HcnoabaoBanneM  MHoroaacxoxHbix  n  paanoBpeMeHHbix  ;xaHHbix 
PCA  SIR-C.  Bbuin  Bsaxbi  aexbipe  naoOpaxceHHa  b  L  n  C  ananaaonax, 
noayaeHHbie  c  nnxepBajioM  b  o^[hh  zi;eHb,  n  oSpaSoxanw  cobmccxho  c 
peabio  Bbifleaenna  aexbipex  KJiaccoB  pacxnxeabnoro  noKposa:  aec,  xpasa, 
cejibCKOxoaancxBeHHbie  nojia  n  cMemaHHbie  yaacxKH  KycxapHHKa  n  xpaBbi. 
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Abstract 

This  paper  presents  th  discription  of  a  software  package  for  the 
processing  of  Earth  remote  sensing  images,  obtained  from  spaceboard  or 
airborne  radars  with  synthetic  aperture  antenna  (SAR).  The  concept  of 
software  package,  the  main  requirements,  the  hst  of  provided  processing 
tasks,  packages  structure  and  list  of  algorithms  are  considered.  The  short 
description  of  processing  modules  included  into  package  is  presented. 

In  this  paper  the  concept  of  software  system  for  ground  processing  of 
the  remote  sensing  radar  data  obtained  from  spaceboard  and  airborne  SAR’s 
(Radar  Survey  System  -  RSS)  is  considered.  The  purpose  of  the  concept 
presentation  is  the  definition  of  structure  of  the  software  package  for  SAR 
data  processing  and  list  of  modules,  included  into  it.  The  final  requirement  to 
data  processing  system  is  the  maximum  complete  extraction  of  the 
information  from  the  raw  radar  data  and  generation  of  the  complete  set  of 
the  new  secondary  information  products.  The  RSS  should  operate  with  two 
kinds  of  the  information.  At  first,  the  orientation  to  the  data  of  remote 
sensing  systems  special  intended  for  commercial  use  is  stipulated,  i.e.  the 
snapshots  of  the  Earth  surface  from  these  systems  should  be  accessible  to  a 
big  number  of  users,  to  be  distributed  without  restrictions  and  to  be 
accompanied  by  the  standard  data  on  surveillance.  The  RSS  software 
supports  data  processing  from  SAR  platforms  SIR-C/X,  ERS-i/2,  JERS-1, 
Radarsat,  ALMAZ- 1.  The  second  kind  of  the  input  information  -  data  from 
noncommercial  sources  on  which  surveillance  parameters  are  absent  or  they 
are  incomplete.  It  can  be  the  data  from  number  of  airborne  SAR.  The  RSS 
package  uses  complex  processing  of  multifrequency,  multipolarizing, 
multitemporary,  multipositional  radar  data.  On  an  output  of  system  the  set  of 
information  product  layers;  is  created.  Each  layer  corresponds  to  results  of 
classification  of  the  ground  objects  on  image  under  some  properties 
(reflectivity,  spatial  features,  movement  features)  or  new  information  product 
(digital  elevation  models,  matrix  of  the  local  surface  slopes,  cross  images 
correlation  matrix,  etc.) 

There  are  number  of  SAR  data  processing  concepts  presented  in 
literature  sources:  the  interferometric  [Ij,  [2]  and  differential  interferometric 
processing  concepts  [3],  14]  the  maps  producing  based  on  the  interferometry 
features  [5],  [6],  [7],  topo  maps  producing  [8].  The  concept  and  it  releaze 
are  presented  here  should  have  deal  with  full  range  of  SAR  data  products,  not 
only  with  particular  brunch  of  processing.  The  overall  scheme  of  data  flow  is 
presented  on  the  figure  1.  It  must  process  the  data  are  placed  into  the 
“parametrical  cube”  as  showed  on  the  figure  2,  including  interferometry 
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(multiband  and  multibase),  stereo  processing  and  number  of  classification 
methods. 

The  presented  here  concept  of  SAR  data  processing  system  is  realized  in 
NPO  Mashinostroenia  as  software  package  which  includes  number  of 
separate  modules.  The  package  is  oriented  on  working  with  personal 
computers  or  workstations  under  operational  systems  Windows95, 
WindowsNT.  The  sizes  of  processed  files  are  limited  only  to  volume  of  disk 
space  of  the  computer  system. 

The  structure  of  RSS  includes  the  following  elements  (modules). 

1.  Module  of  SAR  signal  processing  (synttesis  of  images  from  raw  radio 
hologramms).  The  general  properties  of  the  module  are  following: 

-  an  opportunity  for  the  generation  of  the  features  of  phase  history 
function  by  the  user; 

-  use  of  adaptive  processing  algorithm; 

-  an  opportunity  of  fast  processing  procedure  with  degraded  spatial 
resolution  for  image  overall  looking  and  choice  of  the  site  interested  for  user; 

-  function  of  autofocusing  or  handle  focusing  by  the  operator  use  chosed 
bright  point. 

2.  The  module  for  geocoding/orthorectification  of  SAR  images.  It 
includes  the  following  basic  operations: 

-  geocoding  of  images  from  the  SAR  antenna  system  (slant  or  ground 
range  projection)  to  the  choisen  cartographical  projection; 

-  images  orthorectification  use  by  reference  standard  digital  maps  or 
digital  surface  elevation  models  generateted  from  stereo  or  interferometric 
data  processing; 

-  geocoding  and  ortorectification  of  the  digital  elevation  matrixes 
generated  by  stereo  and  interferometric  processors; 

-  images  transformation  from  slant  range  projection  to  ground  one  (on 
the  reference  model  of  spheroid,  ellipsoid  or  groung  plane  ); 

-  adjusting  of  platform  orbital  parameters  use  ground  control  points 
taken  from  the  SAR  image  (decision  of  a  reverse  task). 

-  generation  of  layovers  and  shadows  masks  on  the  image. 

3.  Module  of  generation  of  the  digital  relief  maps.  Here  two  famouse 
methods  are  realized:  stereometric  and  interferometric  as  two  separate 
processors.  The  interferometric  processor  requires  the  slant  range  projection 
image  as  input  one  and  the  stereo  processor  requires  ground  range  projection 
image.  The  output  of  both  processors  is  the  geocoded  and  orthorectificated 
digital  elevation  matrix  of  surface  as  raster  layer.  Both  processors  includes 
option  of  input  reference  layer.  It  may  be  standard  digital  elevation  map  with 
bigger  scale  and  low  accuracy  or  result  of  stereo  prcessing  for  interferometry 
procedure  and  contrary.  For  interferometric  processing  the  multiband  and 
multibase  modes  methods  are  realized.  As  additional  products  of 
interferometric  processing  the  matrix  of  coherence  is  created  which  can  be 
used  for  classification  of  surface  coverage  vegetation  types  and  matrix  of  local 
surface  slopes.  In  more  detail  the  3-D  processor  developed  in  NPO 
Mashinostroenia  is  considered  in  [91- 
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Into  interferometric  processor  the  option  of  differential  interferometry  is 
included  allowing  to  joint  process  a  number  of  interferometric  images  for  the 
surface  small-scale  shifts  detection. 

4.  Module  for  the  surface  objects  classification.  It  is  shared  on  two 
separate  modules  according  to  a  type  of  objects.  The  objects  are  conditionally 
considered  as  point  targets  and  spatially  distributed  objects.  To  point  targets 
the  bright  elements  on  the  image  are  concerned  which  occupy  a  little  bit,  up 
to  ten,  pixels.  Usualy  it  is  artificial  objects.  The  objects  of  the  images  which 
have  a  natural  origin  (forest,  water  reservoirs,  relief  structure)  or  agricultural 
fields  can  be  concerned  to  the  spatially  distributed  (allocated)  objects. 
According  to  this  notation  the  module  of  classification  includes  the  following 
sub-modules: 

-  module  for  detection  and  classification  of  the  point  targets  on  a 
speckle-noise  background  with  various  statistical  features  (textures); 

-  module  for  cla.ssification  of  coverage  surface  types  by  number  of 
methods:  with  training  and  without  one,  using  algorithms  of  neural  networks; 

-  lineaments  analysis. 

5.  Module  of  moving  targets  detection.  It  realizes  the  various  methods 
using  as  one  image  and  a  pair  of  snapshots,  received  with  some  time  interval 
or  simultaneously  on  different  frequencies. 

6.  Module  of  images  improvement.  Realizes  functions  of  speckle-noise 
suppression  and  standard  operations  of  processing  of  the  images  (histogramm 
correction,  edge  detection,  etc.)  optimized  for  operating  with  radar  data. 

7.  Module  of  the  image  analysis.  Number  of  the  following  operations  of 
image  analysis  are  realised  into  this  module: 

texture  analysis  on  one-dimensional  and  two-demensional 
histogramms; 

-  frequency  analysis,  correction  of  a  spectrum  and  generation  of  new 
image  with  corrected  spectrum. 

-  regression  analysis. 

8.  Module  for  import  and  export  of  data.  This  module  carries  out 
operations  of  transformation  of  input  data  into  an  internal  format  of  system, 
reading  of  the  most  widespread  variants  of  CEOS  formats,  record  CEOS  data 
into  file  header  or  into  a  separate  text  file,  export  of  the  resulted  raster  layers 
from  internal  format  to  the  most  distributed  formats  of  raster  image 
processing  packages  and  formats  of  geoinformation  systems.  Specific 
operation  for  the  remote  sensing  SAR  data  is  the  transformation  of  power  or 
amplitude  values  of  the  signal  into  values  of  surface  backscattering.  The 
import/export  module  includes  specific  algorithms  of  radar  data  compression 
concerning  to  both  raw  data  and  images. 

9.  Module  of  three-dimensional  representation  of  results  of  radar 
imaging.  It  has  an  opportunity  of  overlay  of  the  radar  or  non-radar  texture 
on  the  relief  elevation  matrix,  accommodation  of  the  objects  patterns  from  a 
database  generated  under  results  of  classification  of  the  point  target.  The 
function  of  "flight  above  surface  "  is  realized  here  .  The  necessity  of  inclusion 
into  the  system  of  the  the  module  of  three-dimensional  data  visualization  is 
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caused  by  an  opportunity  of  the  additional  contextual  analysis  by  the  operator 
of  all  set  of  the  processed  layers. 

10.  Module  of  radar  data  modeling.  The  following  kinds  of  the  data  are 
simulated: 

-  raw  data  (radar  hologramm); 

-  slant  range  images  and  ground  range  images  in  magnitude  and 
complex  form; 

-  surface  interferogramm,  flattened  and  non-flattened; 

-  second  image  of  stereopai  user  the  first  image. 

The  images  modeling  is  shared  into  two  modules  -  geometrical  modeling 
and  radiometric  modeling.  In  the  block  of  geometrical  modeling  the  spatial 
relations  between  elements  of  the  image  are  calculated  use  orbital  parameters 
of  platform,  surveillance  conditions  and  digital  height  matrix.  In  the  module 
of  radiometric  modeling  the  brightness  of  each  element  of  the  image  is 
determined  use  their  spatial  definitions  calculated  into  the  geometrical 
module,  level  of  a  roughness  and  dielectrical  properties  of  material  according 
to  the  chosen  model  of  radar  backscattering.  Some  most  widespread  models 
are  realized:  geometrical  optics,  physical  optics,  integral  equation  and  some 
simple  models  as  cosin  functions  by  factors  one,  1,5,  two,  three. 

Figures  below  demonstrate  the  general  scheme  and  results  of  multiband 
SAR  data  processing  use  RSS  software. 

On  the  figure  3  the  maginitude  image  of  Moscow  region  site  from  SIR- 
C/X  SAR  in  L  band  is  shown.  It  one  image  of  data  set  that  contains  L,  S,  C, 
X  band  images  from  Almaz-1,  ERS-1,  SIR-C/X  SAF.  platforms. 

The  flattened  interferogramm  of  Moscow  region  site  in  C  band  is  shown 
on  the  figure  4. 

Figure  5  presents  the  digital  elevation  matrix  of  site  generated  by 
interferometric  processor. 

The  figure  6  shows  the  result  of  joint  classification  of  ground  surface 
coverage  types  use  SIR-C/X  SAR  data  set.  For  visualization  in  RGB 
channels  the  amplitude  C  band  image,  the  amlidudes  difference  of  L  and  C 
images,  and  phases  coherence  matrix  of  C  band  interferometric  pair  were 
used. 

On  the  figure  7  the  result  of  unsupervised  classification  of  multiband 
and  multitemporal  SIR-C  SAR  data  is  presented.  The  four  images  of  L  and 
C  bands  taken  at  two  different  days  were  processed  jointly  for  extraction  of 
four  vegetation  coverage  classes:  forest,  grass,  agricalture  vegetation,  and 
mixed  bush  and  grass. 

Refrences. 

1.  M.W.A.  van  der  Kooij,  B.  Armour,  J.  Ehrismann,  H.  Schwichow  and 
S.  Sato,  A  Workstation  for  Spaceborne  Interferometric  SAR  Data  // 
Proceedings  of  IGARSS’96,  Lincoln,  Nebraska,  Volume  1,  P.339-341. 

2.  Yuzo  Suga,  Shoji  Takeuchi,  Chinatsu  Yonezawa,  Generation  of 
Digital  Elevation  Model  Using  JERS-l/SAR  Interferometry  //In  Proc,  of 
European  Conference  on  Synthetic  Aperture  Radar  (EUSAR'98).  May  25-28, 
1998.  Friedrichshafen,  Germany.  P.507-510. 


I.  Elizavetin,  P.  Shirokov 


3.  Didier  Massonnet,  Producing  ground  deformation  maps 
automatically:  the  DIAPASON  concept  //  Proceedings  of  IGARSS’97,  CD 
Digest,  P.404-407. 

4.  Urs  Wegmuller,  Tazio  Strozzi,  Characterization  of  Differential 
Interferometry  Approaches  //  In  Proc.  of  European  Conference  on  Synthetic 
Aperture  Radar  (EUSAR’98).  May  25-28,  1998.  Friedrichshafen,  Germany. 
P.237-240. 

5.  Z.  Bergen,  D.  Kaizer  and  R.  Carande,  REX:  An  Automated  Road 
Extraction  Algorithm  for  SAFL  Imagery  //  Proceedings  of  IGARSS*96, 
Lincoln,  Nebraska. 

6.  F.M.  Ngai,  R.E.  Carande,  Automated  Rapid  mapping  with 
Interferometric  Synthetic  Aperture  Radar  Data.  //  Proceedings  of 
IGARSS’96,  Lincoln,  Nebraska,  Volume  1,  P.665-667. 

7.  S.Takeuclii,  C.Yonezavra,  Extraction  of  Dind  Cover  Information 
Using  JERS-I/S/lR  Interferometry  //In  Proc.  of  European  Conference  on 
Synthetic  Aperture  Radar  .  May  25-28,  1998.  Friedrichshafen,  Germany. 
P.503-5()6. 

8.  U. Wegmuller,  SAR  Processing,  Interldrometry,  Differential 
Interferometry  and  Geocoding  Software  //  In  Proc.  of  European  Conference 
on  Synthetic  Aperture  Radar.  May  25-28,  1998.  Friedrichshafen,  Germany. 
P.145-147. 


9.  I.V.Elizavetin,  The  optimum  scheme  of  the  processor  for  DEM 
generation  from  SAR  data  //  In  Proc.  of  European  Conference  on  Synthetic 


Aperture  Radar  (EUSAR'98).  May  25-28,  1998  Friedrichshafen,  Germany. 


Signal  Parameters 
Combination 
(band,  polarization) 


Figure  2. 


(.Elevation  Model 
Z.Point  Target  Map 
3  Surface  Types  Map 
T.Lfrban  Structures 
5  Move  Targets  Map 


Figure  1. 


Pa3pa6oTKa  reHieparopa  nriaswibi  Ha  TriejoiMeiw  paspnAe 
Ann  CHMTMss  aneKTpacraiMMSCKMX  sapsiAbB  c  MKA 

B.  MeaHOB 
UHl/ll/IMaiii 

141.070  r.  Koponee,  MocKOBCKaa  oOnacTb 
yn.  riMOHepcKafi,  4 
CDaKc:  (095)  513  4393 


B  UHHHMaui  OTpaOaTbiBaeTCfl  KOHCipyKUM?!  renepaTopa  nnasMbi  b 
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aneKTposHeprMM  paspaaa  1..20  BaTT/(Mr/c). 

noBbimenHbiw  34)f|}eKT  nnaaMOoSpasoBannsii  Vi  cHaii/ifi  sapsiaa 
oOecnenuBaiOTca  cno>KHof!  cipyKTypoH  paspjRfia,  b  Bi/iae  BHyipeHHero 
npeflMOHnsaTOpa,  h  ocHOBHoro  BHeiuHero,  b  KOTopoM  reHepupyeicfi 
MOHnaji  pa3pe»;eHHa5i  nriasMa, 

PaapaOoTKa  npoeoAMnacb  nyreM  MH>KeHepHO~c}3M3MMecKoro  cucieMHoro 

KOHCTpyUpOBaHM^i: 

•  3KcnepMMeHTaribHO-(|;tn3HMecKi/iM  (popMuspoBaHMeM  paspjiAHoro  npopecca; 
«  nH>KeHepHO-KOHCTpyKTopcKO!/i  ofiTi^MMsauneM  ycTpoMCTBa  reHepaiopa. 

TaKOM  cucyeMHbii/.  noAXOA  nosBorinn  cyLuecTBeuHO  coKpainTb  cpOKM 
M  saipaTbi  Ha  paapaSoiKy  KOHCTpyKpHM,  0TBeHaK)iuG!^  Tpe6oBaHn?»M  k 
MKA  no  MHHHaifopiisauiMM. 

B  cTOHAOBbix  McnbiTaHM>3x,  naOopaiopHbiM  oOpaaeq  renepaTopa 
noKasan  ycTowMUBOCTb  paOoTbi  s  pa3.nMMHbix  pexuMax  ripw  McnonbaoeaHUM 
AOCTaiOHHO  TexHonorwHHoro  rasa  AproH.  3to  nosBonuno  onpepenHTb 
peanbHbiM  o6nnK  anTMCTaiMHacKOM  saiMi/iTbi  MKA  c  HOBbiM  thhom 
TnetoLuero  paspafia  b  renepaTope  nnasMbi.  OpeHKM  noKasanw,  mo  npn 
ipeOyeMOM  Anfi  MKA  HGi7iTpan?/J3auMOHHOM  scjicpeKTe,  oh  no  cpaBHOHHK) 
HanpuMBp,  c  HewipanwaaTopoM  na  ochobb  CHfl  cospaeT  onpeAeneHHbie 
npenMymecT'sa,  b  MacTHOcm: 

•  noBbiuieHHG  n/ioTHOcTM  TOKa  Hei/iTpann3aMnii  ~  ao  10  pas; 

•  CHM>KeHMe  aHopronoTpeOneHHJi  -  b  3  pasa,  npi/i  TexHi/mecKMx 
xapaKTepMCTMKax: 

•  Hanp?i>KeHMe  ticTOMHHKa  nmaHHsi  U  <  600  Bonbr; 

•  noipeOnaeMafi  MoiMHOCTb  P  5^20  Barr; 

•  pacxoA  pa6o4ero  rasa  q  0.14^0.5  Mr/cex.; 

•  Macca/ra6apnTbi  M/(LxD)  50/(20x10)r/(MMxMM), 

npHewneMbie  BenwHWHbi  MaccoraSapi/iTHbix  xapaKiepHCTUK  CMCieMbi 
aHTMciaTHMecKOw  aaiMMib!  MKA  Moryr  Obiib  AOCTHrnyibi  sa  cnei 
onTHMMsaquM  cucreMb?  nofiaMw  paOonero  leria  vi  BbiOopa  ero 
KOMopOMi/iccHoro  cocTaBa  MCxofiHbix  KOMnoHeHT,  -  xmakOCtm  m  rasa. 
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Development  of  the  generator  of  plasma  on  smoulderiitg  discharge 
for  removal  of  electrostatic  charges  with  small  spacecraft 


A.  Ivanov 
CNIiMash 

141.070,.  The  queens,  Moscow  area 
Street.  Pioneer,  4 
The  fax:  (095)  513  4393 


In  CNIiMash  the  design  of  the  generator  of  plasma  in  smouldering 
discharge  of  inert  gases  for  a  system  of  neutralizing  of  electrostatic  charges  on 
small  spacecraft  (SSC)  is  completed.  Thus  the  unique  physical  properties,  namely 
are  used  it:  high  stability  of  discharge  at  pressure  of  gas  from  0.001  up  to  100  Torr, 
low  temperature  of  plasma  in  discharge  -300...  700°K  and  small  consumption 
level  of  the  electric  power  of  category  1 ..  20  Watt  /  (mg/c). 

Increased  effect  of  plasma  formation  and  the  removals  of  a  charge  are 
provided  with  a  compound  structure  of  discharge,  as  internal  fore-discharge,  and 
main  external,  in  which  the  ionic  rarefied  plasma  is  generated. 

The  development  was  conducted  by  ingenering  end  physical  system 
designing: 

•Experimental  -  physical  by  formation  of  digit  process; 

•By  ingenering  designer  optimization  of  the  device  of  the  generator. 

Such  system  approach  has  allowed  essentially  to  reduce  terms  and  costs 
to  development  of  a  design  adequate  to  SSC  on  a  miniaturization. 

In  bench  tests,  the  laboratony  sample  of  the  generator  has  shown  stability 
of  activity  in  various  modes  at  use  enough  technolodgi  of  gas  Argon.  It  has  allowed 
to  define  actual  appearance  of  antistatic  protection  SSC  with  a  new  type  of 
decaying  discharge  in  the  generator  of  plasma.  The  evaluations  have  shown,  that 
at  required  for  SSC  neutralizations  effect,  he  on  a  comparison  for  example,  with 
neutralizing  agent  because  of  CHfl  creates  certain  advantages,  in  particular: 

•Increase  of  a  current  density  of  neutralizing  -up  to  10  times; 

•Drop  3HepronoTpe6neHi/iji  -in  3  times,  at  characteristics: 

•Voltage, stress  of  the  power  source  U  <600  volts; 

•Power  consumption  P  5  ^20  watt; 

•The  consumption  of  working  gas  Q  0.1^0. 5  mg/c.; 

•Weight  /  overall  dimensions  M/(L{D)  50  /  (20  (10)  g  /  (mm  xmm). 

The  acceptable  sizes  MaccoraOapuTHbix  of  the  characteristics  of  a  system  of 
antistatic  protection  MKA  can  be  reached  at  the  expense  of  optimization  of  the 
supply  system  of  a  working  skew  field  and  selection  of  its  compromise  structure  an 
initial  component,  -  fluid  and  gas. 
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MHHHATIOPHSAUHH  BOPTOBbIX  H  HASEMHbIX  AHTEHHbIX 
CHCTEM  HA  OCHOBE  ZIOCTHXEHHM  B  OBJTACTH 
TEXHOJTOrHH  C03AAHH5I  HJTAHAPHblX  M 
CEEHETOKEPAMMHECKHX  AHTEHH 


yxKHH  B.O.,  JlyKfcaiueHKO  B.H.,  PaHKynoB  ET., 
A.B.Bojikob,  JlyKBHmeHKO  A.B.,  UlHJineB  C.K).,  B.n.CajiTbiKOB 
IJ[eHTpaJIbHbIH  HayHHO-HCCJTeAOBaTejIbCKHH  MHCXHTyr  MaUIHHOCXpOeHHH 


B  cxaxbe  npejxaaraexcB  pemeHHe  npo6jieMbi  co3B.aHHH  OopxoBwx 
Majiora6apHXHbix  anxeunbix  CMCxeM  nepcneKXHBHbix  Majibix  kocmhhcckhx 
annapaxoB  Ha  Saae  pasBHXHB  xexHOJioraK  MsroxoBJieHHB  njianapHbix 
aHXCHH.  XleMOHCxpHpyexcB  BosMoxcHocxb  Mcnojib30BaHHH  njianapHOM 
XeXHOJIOXMM  npH  C03,n,aHHH  Ha3eMHbIX  CBH3HbIX  XepMHHaJIOB. 
HoKaabiBaexcH,  mxo  luiaHapHbie  anxeHHbie  chcxcmbi  no3BOJiHK)x 
MHHHMH3MpOBaXb  paaMCpbl  H  MBCCy  aHXCHHOM  CMCXCMbl  B  ^tHanaBOHC 
2.5rriJ,  H  Bbime.  Hphboabxch  BapHaHXbi  xexHMHecKnx  pemeHHM  npH 
co3;];aHHH  HJiaHapHbix  aHxeHHbix  cHcxeM,  a  xaoce  xexHMHecKHe 
xapaKxepHcxHKH  HaroxoBJieHHbix  jiaGopaxopHbix  oGpaauoB  B;jia  npHeivia 
cnyxHHKOBoro  h  EiecKaGejibHoro  xeJIeBM^^eHHa. 

MHHHaXIOpH3aHHH  aHXeHHbIX  CHCXeM  MexpOBOrO  H 
aeuHMexpoBoro  a;Hana30Ha  npea,Jiaraexca  ncnojib30BaHHe  xexHoaoxHH 
coaaaHHB  cemexoKepaMMHecKHX  aHxeHH.  HoKaxbiBaexca,  axo 
cereHXOKepaMHHecKHe  anxeHHbie  cHcxeMbi  Moryx  6bixb  HcnojibxoBaHbi  b 
KanecxBe  MHHMaxiopHbix  npHeMHbix  GopxoBbix  h  HaaeMHbix  anxcHH. 

3(J)4)eKXMBHOcxb  cerHexoKepaMMMecKHx  aHxeHH  AeMOHcxpMpyexca 
Ha  npHMepe  hx  HcnojibxoBaHHH  b  cocxaBe  MexeopojiornHecKOM  MaiioH 
cxaHpHH  npHCMa  KOCMHHecKofi  MH(|)opMaij;MH  c  KocMMHecKHx  annapaxoB 
cepHH  Mexeop  h  NOAA. 
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MINIATURIZATION  OF  ONBOARD  AND  GROUND  ANTENNA 
SYSTEMS,  USING  THE  NEW  TECHNOLOGIES  IN  THE  FIELD  OF 
CREATION  PLANAR  AND  FERROELECTRICAL  ANTENNAS 

V.F.  Utkin,  V.I.  Loukjaschenko,  G.G.  Raikunov, 

A.V.  Volkov,  A.V.  IjDukjaschenko,  V.P.  Saltykov 
Central  Scentific-Research  Institute  for  Machine  Building, 

141070,  Pionerskaya  4,  Korolev,  Moscow  Region,  Russian  Federation 


At  present,  the  group  of  russian  scientists  is  developing  a  number  of 
technologies  aimed  at  the  antennas  miniaturization.  Ferroelectric  and  planar 
antenna  technologies  are  among  the  said  ones.  The  ferroelectric  antenna 
technology  provides  minimization  of  an  antenna  system,  operating  in 
10.0  MHz...  1.0  GHz  band,  and  the  planar  antenna  technology  provides  the 
minimum  volume  of  the  antenna,  operating  in  2.5  GHz-frequency  band  and 
higher. 

Thus,  the  application  of  new  technologies  will  provide  minimization  of 
antenna  sizes  really  in  the  whole  range  of  operational  frequencies  used  for 
transmission  and  receiving  of  the  Earth  remote  sensing  data,  satellite  TV 
broadcasting  and  communications. 

The  telecommunication  systems  must  be  able  to  provide  large  and  high-rate 
data  flows. 

There  are  different  ways  to  meet  the  said  requirement:  on  the  one  hand,  one 
can  increase  the  power  of  a  transmitter,  on  the  other  hand,  one  can  increase 
the  sizes  of  an  antenna  system  or  use  an  un-common  technology. 

The  knowledge  and  experience,  gained  in  the  technology  of  planar  phased 
arrays,  allow  to  create  small-sized  antennas  systems  including  antennas  with 
electronically-scanned  beam. 

At  present,  there  is  a  planar  array  (France)  that  is  a  superposition  of  a  pair  of 
elements  with  a  printed-circuit  antenna  feed.  The  antenna  array  structure  has 
a  modular  design.  Each  module  consists  of  a  central  dielectric  plate  with 
microstrips  and  two  metal  plates,  located  above  and  below  the  central  one. 
Both  of  the  latter  two  have  coaxial  apertures  (radiators),  equally  spaced  on 
the  surfaces  of  the  plates  and  in  that  way  forming  an  array  of  16  (4x4) 
elements.  An  inefficient  use  of  the  array  aperture  is  a  disadvantage  of  the 
design.  It  is  caused  by  the  shape  of  radiators  and  results  in  reduction  of  the 
gain. 

There  is  another  close  engineering  solution  of  a  planar  microwave  array 
(Europe).  That  array  consists  of  two  conductive  plates.  In  the  one  of  the 
plates  there  are  through  round  holes  to  form  outward-directed  horns.  In  the 
second  plate,  there  are  cavity  resonators  whose  inputs  are  directed  toward  the 
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horns  and  overlap  the  through  holes  in  the  bottom  the  horns.  Between  the 
plates  there  is  a  substrate  with  a  metal  strip  of  a  symmetrical  feedline, 
containing  microstrip  feed  elements  of  radiators.  The  array  includes  a 
waveguide  adder  in  its  structure.  The  described  engineering  solution  has  some 
disadvantages,  as  follows: 

•  radiators  impossible  to  be  located  closer  to  each  other  owing  to  their 
circular  shape,  so  an  effective  usage  of  the  whole  antenna  aperture  is 
impossible; 

•  only  one  common  waveguide  input  results  in  significant  losses  of  power  in 
high-resistance  microstrip  transmission  lines  and  large  arrays;  it  also 
complicates  a  transmission  line  technology; 

•complicated  manufacturing  of  a  radiating  aperture  results  in  a  high  total  cost 
of  an  array. 

Planar  antenna  sv.stems 

Below,  an  planar  antenna  system  developed  by  the  group  of  russian  scientists 
is  described.  That  engineering  solution  provides: 

•  increase  of  the  antenna  aperture  efficiency; 

•improvement  of  matching  in  an  operation  frequency  band  to  reduce  losses 
of  power  in  high-resistance  transmission  lines; 

•  reduction  of  the  total  cost  due  to  simple  manufacturing  of  printed 
radiators. 

In  essence,  this  antenna  system  is  a  planar  microwave  array  which  contains 
two  printed  dielectric  plates,  on  the  one  of  them  there  are  radiators,  on  the 
other  one  there  are  vibrators,  a  microstrip  feed,  and  also  a  waveguide  adder. 
The  dielectric  plates  with  radiators  and  vibrators  are  separated  with  a 
dielectric  layer  from  each  other.  The  antenna  array  is  made  of  identical 
subarrays,  each  of  them  has  at  least  one  output  on  a  strip-line  waveguide 
adapter.  The  waveguide  inputs  interconnection  is  realized  via  waveguide 
adders-dividers,  placed  from  the  outer  side  of  the  plate  with  vibrators.  That 
side  is  covered  with  a  metal  layer  (plated).  Figure  1  shows  the  layout  of  the 
described  antenna  system. 

Today,  three  test  samples  of  the  antenna  have  been  developed  and 
manufactured  to  provide  reception  of  satellite  TV  programs  and  one  -  to 
receive  the  cellular  TV  broadcast  signals.  The  system  appearance  is  shown  in 
fig.  2.  Figures  3  and  4  show  standing-wave  ratio  and  antenna  gain  vs. 
Frequency,  respectively.  Figures  5  and  6  show  the  antenna  power  patterns  for 
both  satellite  and  cellular  TV  broadcasting,  respectively.  The  characteristics 
samples  of  satellite  antenna  systems  and  cellular  TV  broadcasting  are  shown 
in  table  1 . 

The  analysis  of  experimental  results  has  shown  that  the  submitted  antenna 
system  technology  provides  the  operational  band  from  5  to  10  %  of  an 
operational  frequency  and  the  antenna  aperture  efficiency  not  less  than  50  %. 
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After  some  experimental  adaptation  of  the  technology  the  operational  band 
can  be  achieved  up  to  15... 20  %  of  the  operational  frequency.  The  antenna 
can  be  easily  transposed  in  other  operational  frequency  bands. 


1  -  element  of  a  rotaiy^  support;  2,  3  -  doorknob  transformer;  4  -  coaxial 
cable;  5  -  waveguide;  6  -  wave  converter;  7  -  the  array  basis;  8,  10  - 
dielectric  circuit  printed  plates;  9  -  dielectric  separating  plate. 

Fig.l 
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Gain,  dB 


Characteristics 

Satellite  antenna 
systems 

TV  broadcasting  antenna 
systems 

Frequency,  GHz 

11,7.. .13,0 

12,75... 13,25 

Gain,  dB 

>  30 

>  26,4 

VSWR 

<  1,5 

<  1,45 

Polarization 

left-hand 

left-hand 

HPBW,  deg. 

5 

7 

Sizes,  mm 

#1  -  350x350x15 
#3  -  330x330x15 

#2  -  175x175x15 
#4  -  175x175x15 

Weight,  k] 


.3 

1.9 

.7 


Ferroelectric  antenna  systems 


Samples  of  small-sized  antenna  with  application  of  an  advanced 
ferroelectrical  antenna  technology  have  been  developed  and  manufactured 
by  the  group  of*russian  scientists.  The  ferroelectrical  material  applications  in 
the  antenna  technology  allows  to  reduce  the  sizes  and  weight  of  an  antenna 
in  ~10  times,  in  comparison  with  conventional  antennas.  It  will  provide  more 
simple  engineering  solutions.  The  ferroelectrical  technology  implementation 
resulted  in  possibility  of  small  elements  creation  for  the  phased  small-sized 
antenna  arrays. 

The  receiving  TV  aerial  antenna  is  an  example  of  a  srnall-sized  ferroelectrical 
antenna.  Such  type  of  ferroelectrical  antenna  can  be  made  both  in  passive, 
and  active  configurations.  The  design  of  a  passive  antenna  system  is  shown  in 
fig.  7. 


1  -  ferroelectric,  2  -  radiotransparent  cover, 

3  -  radiotransparent  body,  4  -  antenna  support,  5  -  spherical  support, 

6  -  dielectric  spacer,  7  -  metal  screen,  8  -  metal  rod. 

Fig.  7. 

The  performances  of  passive  ferroelectrical  antenna  system  are  shown  in  table 

2. 


Table  2.  Performanices  of  a  passive  television  antenna 


Frequency,  MHz 

50.. .600 

Gain,  dB 

-5.. .-2 

VSWR 

2.5. ..5 

Polarization 

Linear 

Working  temperature  range,  °C 

-  30OC...+30O 

Pattern 

Omni-directional 

Dimensions,  mm 

H=45,  D=56 

Weght,  kg 

<0.2 
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In  a  combination  to  the  amplifier  the  antenna  from  passive  becomes  active, 
that  allows  to  receive  gain  in  frequency  band  50... 80  MHz  «20  dB  and  in 
range  100... 600  MHz  «15  dB  at  a  pie  chart  of  a  directivity. 

In  active  version  the  feiToelectrical  antenna  at  diameter  of  100  mm  and  width 
of  5mm  allows  to  receive  telemetry  from  meteorological  satellite  (NOAA, 
METEOR)  on  frequency  137  MHz.  Thus  on  the  screen  of  mobile  ground 
meteorological  station  are  looked  through  «1000  lines. 

It  is  possible  to  mark,  that  the  standard  antenna  of  ground  meteorological 
station  has  the  next  sizes;  H  1500x0500  mm  and  allows  to  receive  «1200 
lines. 

Preliminary  measurements  SWRV  of  ferroelectrical  antennas  for  frequencies 
radio  telephone  (140...  170  MHz)  and  cellular  radio  (0,4...  1,8  GHz)  have 
given  values  from  1,5  up  to  3.  The  SWRV  has  a  tendency  to  reduction  with 
increase  of  frequency.  The  gain  of  such  antennas  is  -5... -2  dB. 

Variants  of  realization  of  a  receiving  active  television  antenna  are  shown 
below. 


10  11  9  1  8 


1  -  ferroelectric, 

2  -  radiotransparent 

cover, 

3  -  radiotransparent 

body, 

4  -  antenna  support, 

5  -  spherical 
support, 

6  -  dielectric  spacer, 

7  -  metal  screen, 

8  -  metal  rod, 

9  -  coaxial  TV 
cable, 

10-  power  supply 

unit, 

1 1  -  TV  connector, 
12-  amplifier. 


Fig.  8 
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1.  Radiotransparent  tank.  5.  The  television  plug. 

2.  Telecommunication  cable.  6. Ferroelectric. 

3.  Amplifiers  7.  A  metal  rod. 

4.  Power  supply  unit  of  antenna  amplifiers. 

Fig.  9. 

The  antenna  structurally  can  be  realized  both  under  the  scheme,  shown 
in  fig.  8  and  9. 

The  antenna  is  intended  for  a  reception  of  a  broadcast  television  and  is 
maintained  in  room  conditions  and  in  conditions  of  country  house. 
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Table  3.  Performanices  off  am  active  television  antenna 


Frequency,  MHz 

50.. .600 

Gain,  dB 

15.. .20 

VSWR 

2.5.. .5 

Polarization 

Linear 

Pattern 

Omni-directional 

Distance  of  a  reception  from  transmitting 
TV-centre,  km 

up  to  100 

Working  temperature  range, 

-  30C»C...+30O 

Sizes  of  a  receiving  part,  mm 

0  60  mm,  h  »  15  mm 

Oneration  voltage  of  a  power  supply  unit,  V 

220 

Weght,  kg 

<0.3 

The  following  ferroelectric  application  is  the  creation  of  the  phased  lattice 
with  application  of  a  microstrip  process  engineering  for  a  reception  of  a 
satellite  television  on  frequencies  11,7  -  12,1  GHz.  The  element  as  a 
sublattice  of  the  phased  lattice  is  shown  on  fig.  8. 


B-B 


A-A 


Fig.  iO 
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The  laboratory  tests  of  such  sublattice  by  determination  of  a  standing  wave 
ratio  by  voltage  (SWRV)  are  shown  in  the  table.  In  the  table  the  experimental 
values  of  SWRV  are  shown  depending  on  frequency. 


Table  4. 


f,  GHz 

10,7 

10,84 

11 

11,03 

11,26 

11,56 

11,8 

12,1 

12,26 

12,38 

12,5 

SWRV 

2,17 

3 

1,57 

1,67 

3,67 

2,34 

2,57 

2,66 

1,9 

1,57 

1,74 

Nowadays  assembly  of  the  phased  antenna  for  realization  of  experiments  on  a 
reception  of  the  information  from  a  satellite  is  carried  out.  A  prospective  gain 
«30  flB,  weight  of  the  antenna  together  with  the  converter  will  make  less  than 
0,5  kgs  at  the  area  140x1 10  sq.  mm. 

References 


1.  Patent  of  France  Nq  2609577,  IIC  H  01  Q  21/06. 

2.  EP  Ne  0253128,  IIC  H  01  Q  21/24. 

3.  Patent  RU  2056  Ul,  6  H  01  Q  21/00. 

4.  Patent  PO  N9  3155401/24-09. 


V.F.  Utkin,  V.[.  Loukjaschenko,  G.G.  Raikunov, 
A.V.  Volkov,  A.V.  Loukjaschenko,  V,P.  Saltykov 


nEPCHEKTHBW  C03MHIW  MAJIHX  nPHEMHMX 
CTAHI^HH  KOCMHHECKOH  HHOOPMAI^HH 

Bojikob  A.B.,  A4)aHaci>eB  C.B.,  KpyxBix  C.A. 

LleHTpajibHBm  HayqHO-nccjieflOBaTejiBCKHH  HHCTHxyx  MamHHOcxpoeHHfl  PKA, 
riHOHepcKaa  4,  Kopones,  MocKOBCKaa  o6jiacxB,  141070,  PoccHHCKaa  (J)eAepapHa 

BejeHHC 

CeroAHfl,  Koraa  Ha6jiio;i;aexcfl  cxpcMHxejiBHoe  paaBHXHe  FHC  xexHOJioxHH,  Bce 
Oojiee  Bospacxaromee  sHaneHHe  npHoOpexaex  onepaxHBHoe  noJiyneHMe 
reoaKonoFHHecKOH  npocxpaHCXBeHHoft  HH(]^opMaiiHH.  Bojibuioh  oGbcm  xaKoft 
HH(|)opManHH  cero^HH  npeaocxaBJiaexcB  kocmhhcckhmh  CHCxeMaMH.  B  nojiyqeHHH 
OnepaXHBHOH  HH(J)OpMaLi;HH  H3  KOCMOCa  B  PoCCHH  SaHHXepeCOBaHBI  paSJTHHHBie 
noxpe6HxeBH:  a^MHHHCxpapHH  pecnyOjiHK,  Kpaes,  oGjiacxefi  h  ropo^oB; 
PocFHflpoMex;  arponpoMBinmeHHBm  kombbckc  Pocchh;  pasjiHHHbie  oxpacjiH 
npoMBimneHHOcxH;  He4)xe-ra30BaH  oxpacjiB;  MopeiiJiaBaxenH;  nyxemecxBeHHHKH; 
HayHHBie  3KcneflHpiiH  h  /ipyrne  3aHHxepecoBaHHBie  nnpa.  HaH6ojiee  nojiHoe 
yflOBjiexBopcHHa  nyac^i  BBimenepeHHCJicHHBix  noxpe6HxeJieH  B03MoacHO  npH 
HCn0JIB30BaHHH  MaJIBIX  npneMHBIX  CXanpHH  KOCMHHeCKOH  HH4)OpMaLi;HH  (MnCKH), 
BKJnoHaa  moGhjibhbic. 

HasHaqeHHe  MajiBix  npHCMHbix  cxaHUHii  KOCMH^ecKOH  HHd)0PMauHH 

MnCKH  npeflHaanaHeHa  fljia  npneMa  HH(|)opMai]:HH,  noJiynaeMOH 
KOCMHHeCKHMH  CppaOXBaMH  /IHCXaHPHOHHOrO  30HB;Hp0BaHHa  ScMJIH,  a  xaxace 
xeMaxHHecKOH  o6pa6oxKH  h  onepaxHBHoro  pacnpocxpaHeHHH  3xoh  HH4)opMapHH 
uiHpoKOMy  Kpyry  noxpeOHxejiett. 

MnCKH  no3BOJiaK)x  nojiyaaxB  cjiep;yK)inHe  ^^aHHBie' : 

•  H3o6paxceHHa  scmhoh  noBepxnocxH,  OKeanoB  h  oSjiaKOB  b  VO,  bhb;hmom,  HK  h 
CBH  jiHanaaoHax; 

•  HH4)opMai]iHK)  o  cocxoflHHH  axMocct)epBi; 

•  MexeopojioxHaecKHe  napaMexpBi,  nepep;aBaeMBie  b  Kaape  xejieMexpHH,  xennepaxypa, 
fl;aBJienHe,  cKopocxB  Bexpa  h  ap.; 

•  BpeMennaa  h  reorpa4)HHecKaH  npHsasKa. 

nojiyacHHaa  MHCKH  HH^jOpMapHa  nocae  xeMaxHPecKoft  o6pa6oxKH  Moacex 
6bixb  HcnonB30BaHa  pjia: 

•  opeHKH  3KonorHHecKoro  cocxoaHHa  pernoHa; 

•  npoBepcHHe  reoaoropasBepoHHBix  pa6ox; 

•  KOHxpojia  HcxoHHHKOB  3arpa3HeHHH; 

•  o6HapyaceHHa,  opeHKH  MacmxaSoB  h  KOHxpoaa  3a  paaBHxneM  coObixhh  b  aonax 
KaxacxpocJ),  KpyriHBix  aecHBix  h  cxenHBix  noacapoB,  KpynHOMacmxaOHBix 
3arpa3HeHHH  noBepxHocxH  Mopa  h  cymp; 

•  KOHXpoaa  3a  nepeMeipcHHeM  rpaHHu;  nycxBiHB  h  30h  aacyx; 

•  BBipeaeHHa  axMocc^eppBix  4)poHxoB; 

•  caeaceHHa  aa  oSnaHHocxBio; 

•  BBiaHcacHHa  xeMnepaxypbi  noBepxHocxH  cyuiH  h  Mopa; 


Bojikob  A.B.,  A^aeacbeB  C.B.,  Kpyxbix  C.A. 


•  o^pe;^eJIeHHa  cocxoiiHHa  ceJitCKOxos^HCTBeHHbix  yro/iHH; 

•  KOHTpOJIH  COCTOHHHfl,  KJiaCCH4)HKai],HH  H  OI^CHKH  IipOflyKTHBHOCTH  paCTHXeJIBHBIX 
noKpoBOB; 

•  cocxaBJieHHH  xeMejibHbix  Ka/i;acxpoB; 

•  BbiHHCJieHHa  BepxHKajibHbix  npo4)HjfeH  xeMnepaxypbi  h  BJiaxmocxH; 

•  BUHHCJieHM  HHXerpaJlbHOH  XapaKXepHCXHKH  BJia>KHOCXH; 

•  npornosa  noro/Ibi. 


AnajiHs  cvmecxBviomHx  MIICKH 

CymecxByromHe  Manbie  npHeMHbie  cxaHpHH  KOCMHHecKOH  HH(|)opMai];HH 
oGecneHHBaiox  npHCM  c  reocxauHOHapnbix  cnyxHHKOB  xnna  Meteosat,  GOES, 
OjieKxpo,  c  noi[j[pHOop6HxajibHbix  cnyxHHKOB  xHna  Mexeop,  NOAA;  a  xax  >Ke  co 
cnyxHHKOB  XHna  «Pecypc»,  Landsat,  SPOT. 

ripHeMHbie  cxannHH  xnna  WeatherFront  (GEODYNAMICS  CORPORATION) 
HJiH  SMART  Station  (GEODYNAMICS  CORPORATION)  cocxoax  h3 
napa6ojiHHecKOH  aHxeHHbi  c  KOHBepxepoM,  npHCMHHKa  h  ACKoaepa,  ycxpoHcxBa 
HaBCflCHHa  anxeHHbi  h  BbinojiHflK)xcx  b  BH/i,e  nesaBHCHMoro  ycxpoHcxsa,  jih6o  b  BHne 
njiax  conpaxceHHX  c  nepconanbHbiMH  KOMnbioxepaMH.  HanpuMcp  npHCMHas  cxannHa 
WeatherFront  npenicxaBjiHex  h3  ce6a  He3aBHCHMoe  ycxpoHcxBO  na  6a3e  npopeccopa 
i486DX,  HMeex  HHxep(|)eHCbi  noAKjnoneHHa  ycxpoftcxB  GPS  h  MexeocxaHUHH.  B 
KanecxBe  ycxpoiicxBa  o6pa6oxKH  npHHHMaeMoft  HHcjjopManHH  Hcnojibsyexca  paGonaa 
cxaHiTHH  Sun  SPARK,  Koxopaa  coen,HHaexca  c  npneMHOH  cxannHen  nocpeacxsoM  cexH 
Ethernet. 

CxaHHHa  SMART  Station  BbinycKaexca  b  HecKOJibKHX  HcnonneHHKx  (MopcKoro 
H  cyxonyxHoro  6a3HpoBaHHa)\  o6ecnenHBaex  npHeM  CHrHajioB  co  cnyxHHKOB  b 
(J)opMaxax  HRPT,  GOES,  GMS,  Meteosat.  FIpHeMHbie  cxaHUHH  HMerox  anajioroBbiH 
Bbixon;  H  Li;H(J)poBOH  Bbixofl  RS-422,  KpoMe  xoro  HMeiox  HHxepc^eiicHyio  nnaxy 
BbinojiHeHHyio  b  KOHCxpyxxHBe  ISA,  EISA  hjih  PCI  iiiHHbi.  B  KanecxBe  ycxpoHCXBa 
o6pa6oxKH  nojiynaeMOH  HH(|)opManHH  Hcnojibayioxca  BbinHCJiHxejibHbie  MauiHHbi  na 
njiax(|)opMax  Windows  NT,  SUN  Microsystems,  Silicon  Graphics  h  DEC  Alfa  (DEC 
OSF/I  (UNIX)). 

nporpaMMHoe  o6ecneneHHe  nanHcano  b  bh^c  Monyaeft  mn  ERDAS  Imagine- 
SMARTrack,  HRPT  Module,  MET  Module. 

PoccHHCKHe  npHCMBbie  cxannHH  Jlnana  (HTU,  CKanOKc),  MEMOS  AT, 
CIO;aCET-M  o6ecnenHBaiox  npneM  curnanoB  co  cnyxHHKOB  NOAA,  Mexeop,  Oxean  b 
(J)opMaxe  APT  (ISTMFn).  Ohh  Bbinojinenbi  jih6o  b  BHfle  HHxep(|)eHCHOH  njraxbi  ISA 
tnw  PC  coBMecxHMoro  KOMHbioxepa,  jih6o  b  bh^c  BHemnero  Snoxa  c  HHxep(|)eHCOM 
RS-232.  IlporpaMMHoe  oEecneneHHe  nna  Windows  oSecnenHBaex  pacnex  ceaHcoB 
npHeMa,  oxoGpaxceHHe  npHnaxofi  HH4)opManHH,  reorpa(|)HHecxyK)  h 
xapxorpac^Huecxyio  npHsaaxy,  axcnopx  rpa(J)HHecxHX  (|)aHJioB"’’'*. 

PoccHHcxHe  npneMHbie  cxannHn  «JlHaHa-M»  h  «CeneHa»  (HTI4  CxanOxc) 
npenHasHaneH  nna  neMonyaanHH,  aHajioro-nH(i)poBoro  npeo6pa30BaHHa  h  BBona  b 
nOBM  naHHbix,  nocxynaioinHX  c  MexeopojioxHnecxHX  cnyxHHxoB  xnna  Meteosat, 
GMS,  Goes  h  «3jiexxpo»  na  nacxoxe  1.7  FEn.  flporpaiviMHoe  oGecneneHHe,  Bxonamee 
B  xoMHjiexx  nocxaBXH  xoMnnexca,  BbinojineHO  b  cpene  MS  Windows  3.1  h 
oGecneuHBaex  npHeivi  H3o6paaceHHH  co  cnyxHHxa  no  saflannoMy  pacnHcannio, 
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OTo6paMceHHe  npoiiecca  npneMa  na  ;i:Hcnjiee  KOMntioTepa  b  peacHMe  peajitHoro 
BpeMeHH,  aHHMauHEO  nocneflOBaTentHO  npHnaitix  H3o6pa»ceHHH,  paSoiy  c 
4)parMeHTaMH  H3o6pa)KeHHH,  aKcnopx  HsoGpamcHHa  b  4>opMaTe  BMP  h 

nojiyBCHHe  XBepaifcix  KonHH  H3o6paa(eHHH. 

PoccHHCKHe  npHeMHBie  cxaHi],HH  CKaH3Kc  (HTU,  CKaH3Kc)  \  Cioxcex-ML], 
npe^HasHaHeHBi  xiaa  npaena,  aeMOByaaiiHH,  sanncH  Ha  acecxKHH  ;];hck  KOMHbioxepa  h 
nepBHHHOH  o6pa6oxKH  AaHHbix  b  (|)opMaxe  HRPT  c  HC3  cepHH  NOAA  b  ananasoHe 
1670-1710  M^^. 

B  cocxaB  KOMHJieKca  CKaH3KC  Bxo/iax  anxcHHaa  CHCxeMa,  ycxpoHcxBO 
conpH)KeHHH  aHxeHHOH  CHCxeMbi  c  n3BM  h  nporpaMMHoe  oOecneHCHHe.  AnxeKHaa 
CHCxeMa  cocxoHx  H3  napaOojiHHecKoro  aepKana  c  noBopoxHbiM  ycxpoficxBOM, 
MajioinyMamero  ycHHHxejia  c  npeoOpasoBaxeneM  Hacxoxbi.  VcxpoHCXHO  conpaaccHHa 
COCXOHX  H3  ycHJiHxena  h  ^^asoBoro  ^excKxopa  npHHHMacMbix  CHXHajioB, 
npeoOpaaoBaxejia  CHraajioB  b  napanjiejibHbm  pH4)pOBOH  ko^,  aHajioro-i];H4)poBbix  h 
PHc^po-aHajioroBbix  npeoOpaaoBaxejien  KOHxponbHbix  CHXHajioB  h  CHrnajiOB 
ynpaBJicHHa  KOMnnexcoM,  aHxeHHbix  yciinHxejieii  h  HMHxaxopa  CHXHajiOB.  VcxpoHCXBO 
conpaxccHHa  KOHCxpyKXHBHO  BbinojiHCHHe  B  BH;];e  HacxojibHoro  6aoKa  c  HHxaHHCM  ox 
o/iHo4)a3HOH  cexH  220  B,  50  Fd;  h  njiaxbi  pacnrapcHHa  hihrm  ISA  fljia  IBM 
coBMecxHMbix  IIK.  IIporpaMMHaa  aacib  BbinojiHena  b  cpe^e  MS  Windows  3.1  h 
COCXOHX  H3  n;ByX  OCHOBHbIX  HpHJIOKCHHH:  HpOXpaMMbl  ynpaBJlCHHa  npHCMOM  .aaHHbIX 
(Scan  Receiver)  h  nporpaMMbi  npocMOxpa  h  nepBHHHOH  o6pa6oxKH  .aaHHbix  (Scan 
Viewer).  npHnoaccHiie  ynpaBJicHHa  npHCMOM  (Scan  Receiver)  BbinonHaex  pacnex 
pacHHcaHHa  npoxoacacHHa  cnyxHHKOB  nepea  sony  bhji:hmocxh  npHCMHoft  cxanpHn  b 
3an;aHHOM  HHxepBaae  bpcmchh,  HH.^HKa^HIo  cocxoaHHa  aHXCHHbi  h  noxoxa  n:aHHbix  b 
nponecce  npneMa.  IIpHaoa^eHHe  npocMOxpa  h  nepBHHHOH  o6pa6oxKH  (Scan  Viewer) 
o6ecneHHBaex  aHHoxnpoBaHHe  HSoOpaaccHHH,  npocMOxp  H3o6paaceHHH  c 
BOSMoacHocxbK)  Bbi6opa  Kanajia  h  (^paxMCHxa,  MacuixaGnpoBaHHe  H3o6paaceHHH, 
reorpa4)HHecKyio  h  Kapxorpa<|)HHecKyK)  npHBa3Ky  no  opOnxajibHbiM  oaeMCHxaM, 
nceBnoHBCXHoe  oxoOpaaceHHe  c  npoHSBoabHbiM  (jjopMHpoBaHHCM  najiHxpbi,  pacnex 
XHCxorpaMM  h  noajieMeHxnaa  (|)oxoMexpHa,  KoppcKuna  xohhoxo  bpcmchh  npaeiMa  h 
opHCHxaHHH  cnyxHHKa  no  onopnbiM  xonKaM  b  naoGpaacenHH,  coxpanenHc  BbiOpannbix 
4)parMeHXOB  b  hcxoahom  4)opMaxe  h  OKcnopx  hx  b  cxanAapxnbie  ^opMaxw,  nojiynenne 
XBepabix  Konnii  HaoSpaacenHH. 

PoccHHCKaa  npHCMnaa  cxanuHa  CKaH3P  (HTU;  CKaH3Kc)  npennasHanena  ^fl5l  npHCMa 
H  nepBHBHOH  o6pa6oxKH  cnyxHHKOBOH  HH(|)opMai];HH  c  KA  «Pecypc-01-3»  b  nHanaaone  8  FTh. 
npHCMHaa  cxaHu,Ha  cocxohx  h3  ajxrennoH  chcxcmbi,  6noKa  conpaacenna  anxennoH  chcxcmh  c 
KOMHbioxepoM  H  npoxpaMMHoe  oOecnencHHe  jvm  npHCMa  (Resurs  Receiver)  h  nepsHnnoH 
o6pa6oxKH  (Scan  Viewer)  nojiynacMOH  HH4)opMaHHH.  Anxennaa  CHCxcMa  cocxohx  h3 
napaOojMnecKOH  anxenHbi  c  noBopoxnbM  ycxpoHCXBOM,  MaaoniyManmM  ycHjmxejieM  h 
npeoOpaaoBaxcjieM  nacxoxbi.  ycipoHCXBO  conpaafenna  BKjnonaex  ycHjmxejib  h  (jjaxoBbiH 
flexcKTop  npHHHMacMbix  CHTHanoB,  npeoOpaaoBaxcjib  npHHHMacMoro  cnmajia  b  napamiejibHbiH 
HH(|)poBOH  Kon,  aHajioro-HH(J)pOBbie  h  HH(f)po-aHajioroBbie  npeoOpaaoBaxejm  KonxpojibHbix 
CHmanoB  h  CHmanoB  ynpaBJicHHa  KOMnjicKcoM,  HMHxaxop  cnmanoB.  YcxpoHCXBO  conpaacenna 
KOHCxpyKXHBHO  BblHOJIHeHO  B  BHUC  HBCXOJIbHOrO  OjIOKa  C  HHXaHHCM  OX  OflHO(J)a3HOH  CCXH  220 
B,  50  Fn  H  nnaxbi  pacmnpeHHa  ISA  IBM  PC.  OyHKinioHajibHbiM  aHaiioroM  cxanujiH  CKaH3p 
aBJiaexca  cxaHima  MMIM  (PHHH  KIFi. 
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PoccHHCKaa  npHCMHaa  cTanpra  YnHCKaH  1.11  (HT1][  CKaH3Kc)  -  hobbih 
BapnaHT  cxaHiiHH,  o6'beflHMK)meH  b  ce6e  bosmo^hocth  ,aiByx  chctcm:  CKaH3P  - 
cxaHiJiHH  npHeMa  HH(|)opMaii;HH  c  KA  Pecypc-01  h  CKaH3Kc  -  cxanpHii  xipneMa 
HHtj)OpMaiIHH  CO  CnyXHHKOB  CepHH  NOAA. 

npHCMHbie  cxaHpHH  cHcxeM  ERS,  GMS,  IRS,  INSAT,  LANDSAT,  SPOT 
npej^cxaBJifliox  co6oh  flocxaxo^Ho  cJioa<Hbie  h  6ojii»iiiHe  npneMHMe  KOMruicKCbi, 
KOxopBie  asnaacB  MajitiMH,  ne  asaaioxcH  nepconajitHbiMH  npHCMHbiMH  cxanpHAMH, 

PacnpocxpaHCHHc  ;iaHH:i>ix  b  oxhx  CHCxeMax  npoHXBOflHxcx  penxpajiHSOBaHHO. 
rioaxoMy  npHeMHbie  cxaHpHH  axHX  chcxcm  BKJiioHeHbi  b  e;];HHyK)  CHcxeny  c6opa, 
o6pa6oxKH  H  apxHBixpoBanHa  .aaHHLix,  npeji;cxaBJiaiox  co6oh  cneppiajiHSHpoBaHHbie 
npHeMHbie  nyaKxti,  h  b  flaHHofi  cxaxte  ne  paccMaxpHBaroxcH. 

IIpHHUHnbl  nOCTpOCHHH  nePCnCKTHBHblX  MaJIbIX  nPHCMHMX 
CTaHUHlH  KOCMHHeCKOH  HHd)OPMaUHH 

npoBeflCHHiiH  Bbmie  anajiHs  cocxoaHHa  paxpaGoxoK  b  oSiiacxH  cosflaHiw  MIICKH, 
oriBixa  Hx  OKcmiyaxapHH,  a  xarasce  nepcncKXHBbi  coa^aHHa  hobbk  KOCMmecKHx  cpe/jcxB  h 
no/jCHCxcM  flHcxaHipioHHoro  aoHSHpoBaHHB  Seivum  npe^QaiojiaraKyx  cooxBCxcxBHe 
paapaGaxbiBaeMBix  MIICKH  cjie;i;yEomHM  ochobhbm  npHHpHnaM: 

•  MajioraSapHTHOcTb  h  MoSajibHOcrb  -  MITCKH  Bbmojnwexca  b  Mo6HJTbHOM  aapnanxe 
(nepcHOCHaa,  nepeBoamviaa)  h  oGecneHMBaex  onepaxHBHoe  (|)yHKpHOHHpoBaHHe  b  jhoGoh 
xoHKe  acMHoro  mapa,  qxo  npeanowaex  HcnojiKjoBaHHe  raoGajitHbix  HaBHraoHOHHbix 
CHCXCM  Jim  reoipa(|)HHecKOH  hphbjbkh  cxaHBHH; 

•  MacmxaGHpyeMOCTb  -  HapaupiBaHHe  bosmokhocxch  nyxcM  flonojiHcrois  annapaxHbix 
MoayjiCH,  MOB;epHH3aipni  IIO; 

•  ynpaBOlHeMOCTb  -  aBXOHOMHOe  (J)yiIKLi;HOHHpOBaHHe  C  BOXMOaOiOCXBIO  AKCXaHPHOHHOrO 
ynpaBjicHHs  h  nepe;(aHH  HH(J)opMatiHH  Hepe3  jioKaiibHbie  h  xjioGaiJibHbie  ccth  cBa3H; 

•  ycTOHHHBOCTb  -  ccxpaHCHHc  pa6oxocnoco6HocxH  no^i  BjiHaHHCM  HcGjiaroripHaxHbix 
4)aKxopoB  OKpyxcaioineH  cj:)e;]j>i  h  ouihSok  onepaxopa; 

•  CoBMCcTHMocTb  -  nozmcpjKKa  cyinecxByioiitHx  H  BHOBb  paxpaSaxbiBaeMbix  npoxoKOJiOB 
nepcflaHH  HH^topMapHH,  (J)opMaxoB  xpjiHCHHa  .aaHHbix,  OKcnopxa  b  nonyjiapHbie  THC; 
4)yHKiiHOHHpoBaHHe  HapaajiHHHbix  annapaxHbix  h  nporpaMMHbix  ruiax(|)opMax; 

•  OjieKXpOIViarHHTHaH  COBMeCTHMOCTb  -  HOpMaJIbHOe  4)yHKllHOHHpOBaHHe  B  OipaHHHCHHOM 
npocxpaHcxBC  6ojibmoro  niicjia  paxJiHHHbix  pa/ipoxexHHHecKHx  h  ajieKxpHHccKHX 
ycxpoHCXB; 

•  3pr0HOlVIHHHOCTb  -  COBOKyilHOCXb  CBOHCXB  MIICKH,  06yCJiaBJlHBaK)mHX 
npHcnocoSjicHHOcxb  k  aKciuiyaxapHH  HexiOBCKOM-onepaxopoM. 

•  3KOJiorHHHOCTb  -  iipH  pa6oxe;  MIICKH  hc  /iojdkho  npoHcxojiHXb  BpeflHoro  BoaaeHcxBHH 
Ha  OKpyjKaioipyio  cpc/iy  h  HCJiOBeKa-onepaxopa. 

•  3K0H0MHHH0CTb. 

OcHOBHbie  HanpaBJieHHH  cox^aHHa  MIICKH 

ABXopaMH  cxaxbH  b  l^HHHMam  pa3pa6oxaHa  KonpenpHa  coapaHHa 
nepcncKXHBHbix  nepcoHajibHbix  MoGHJibixbix  MIICKH.  C(|)opMyirHpoBaHbi  xpe6oBaHHa 
H  npepjXoaccHHH  no  coapaHHio  KJiioHeBbix  aaeMCHXOB  MIICKH.  Pa3pa6oxaHbi 
BapHaHXbi  nocxpocHHa  anxeHHbix  chcxcm  moGhpbhoh  MIICKH  pjia  pnanaaoHa  137 
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Mm.  CosjiaHbi  npoTOXHnw  aneMCHTOB  aHieHHbix  chctcm,  ajieKxpoHHbix  h 
nporpaMMHHX  MO^ityneH  MnCKH. 

npHCMHbie  cxaHUHH  ycnoBHO  Mo:iCHO  ^o^^pa3/l;eJIHXb  na  cneayiomHe  xhubi; 

•  cxaHpHH  HHSKoro  p^iapeiueHHfl  (flHanasoH  1 37Mr  u;); 

•  cxanpHa  cpe.i^Hero  paapemeHHa  (aHanaaoKBi  137  MFij:  h  1 .7  rPi];); 

•  cxaHpHfl  BbicoKoro  paapemeHHfl  (^HanaaoHii  137  MFp,  1.7  FFu;  h  8  FFii). 
MnCKH  cocxoHX  H3  cjie^yiomHX  KOMnoHenx: 

•  anxcHHaa  CHCXCMa; 

•  Mojiyjib  npHeMHHKa  h  flexoflepa; 

•  3BM  ynpaBJieHHx  h  npe.z];BapHxejibHOH  o6pa6oxKH  aaHHbix; 

•  llporpaMMHoe  o6eciie'q[eHHe. 

COBpeMCHHbm  ypOBeHb  paSBHXHH  MHKpoaneKxpoHHicH  H  MHKpoaneKxpoHHOH 
6a3bi  nosBOJiaex  cosaaBaxb  nepcnexxHBHbie  MHCKH  c  hobbimh  bo3mo>khocxs[mh  h 
xapaKxepHCXHxaMH : 

1.  npHMeHeHHe  HC  bbicokoh  cxencHH  HHxerpauiHH  nosBonaex  cyipecxscHHO 
yMCHbniHXb  Maccora6apHXHbie  napaiviexpbi  MFICKH; 

2.  yMCHbinHXb  3Hepronoxpe6jieHHe  MFICKH; 

3.  MoflyjibHoe  nocxpoeHHe  MFICKFI  nosBonaex  HapaipHBaxb  bosmojkhocxh  cxanpHH 
nyxcM  floGaBJieHHJi  flonojiHuxenbHbix  MOB,yneH  no  Mepe  Heo6xo.ilHMOCxH; 

4.  Co3.n;aex  B03M0acH0cxb  M0.rtepHH3aniHH  ajiropnxMOB  (|)yHKu:HOHHpoBaHHa 
(MHKponporpaMMbi)  MFICKH.  (Aaanxanna  k  hobbim  (j^opMaxaivi  flannbix,  6e3 
saMCHbi  annapaxHOH  nacxn); 

5.  npHMeneHHe  nporpaMMHbix  mcxoaob  o6pa6oxKH  HH(J)opMau:HH  iipHHHMaeMon 
MFICKH  nosBOJiaex  MonepHHsnpoBaxb  n  Ao6aBnaxb  noBbie  4)yHKnHH  cxanpHn 
nyxcM  o6HOBJieHM  nporpaMMHoro  oGecnenenna. 

B  Hacxoaipee  BpcMa  b  xanecxBe  npneMHbix  anxenn  MHCKH  jim  flnanaaoHa 
137  MFn  Hcnojibsyioxcfl  jih6o  BnGpaxopHbie,  jihGo  cnnpajibHbie  anxennhi  HMeromne 
Gojibinne  xaGapnxbi  (1.5x1.0x1.0m).  JXna.  yMCHbrncHHa  pasMepoB  anxennoH  cncxeMbi 
npcflJiaraexcH  ncnojibxoBaxb  cernexoKepaMHnecKHe  anxenKbi.  HpHMeHeHHe 
xexHOJioxHH  cernexoicepaMHKH  noxBonaex  cyinecxaenno  yMeHbuinxb  xaGapnxbi  (bmccxc 
c  MajiomyMamHM  yciniHxejieM  (MFliy)  ~  100x100x100  mm)  h  sec  (oKoao  300r  bmccxc 
c  Mlljy)  anxcHHOH  cncxcMbi. 

B  KaHccxBC  npncMHbix  anxcHH  b  j[iHana30Hax  1.7FFli;,  8FFn  ncnoabayioxca 
napaGonHnecKHC  anxenKbi,  c  unaMcxpOM  napaGoaoH^a  ox  1.2  ao  2  McxpoB  (b 
3aBHCHMOCXH  OX  XHHa  cxanpHH). .  npHMenenne  xaxnx  anxennbix  chcxcm  co3/^aex 
xpyanocxH  ana  onepaxHBHoro  paaBcpxbiBanna  MHCKH.  Hpeaaaraexca  ncnoabsoBaxb 
(JiaanpoBanKbie  anxennwe  pemexKH  (OAP)  b  KanecxBC  anxcKHbix  chcxcm  MHCKH. 
OcHOBKoe  npcHMymecxBO  xaKOH  chcxcmh  oxcyxcxBne  MCxanHnecKoro  CKanHpOBanHa 
ayna  n  xax  caeacxBHC  oxcyxcxBHC  MaccHBHbix  h  aopoxHX  cepBo^pHBoz^oB. 
ynpomacxca  Monxaa^,  locTHpoBKa  n  aiccnayaxapHa  chcxcmbi.  CKaKHpoBannc  aynoM 
ocyipecxBaaexca  aacKxpoKHbiisi  chocoGom,  nosKpHOKHpoBanHC  ayna  b  aioGyro  xonxy 
CKanupycMoro  npocxpancxBa  ocyipecxBaaexca  npaKXHnecKH  mpkobckko  h  yraoBaa 
CKopocxb  CKaHHpoBaHHa  ayna  xnanHxcabno  npCBOCxo^HX  MexanHnecKoe. 
HcnoabsoBanne  axxHBnbix  OAP  nosBoaaex  ocymecxBHXb  conpoBoac.n;eHHa  nccKoabXHx 
KA  H  npocxpaHCXBcnnyK)  ceacKiiHio  noMCx.  npHaenenHe  OAP  nosBoanx  coxpaxHXb 
raGapnxbi  h  bcc  anxenabix  chcxcm  h  ynpocxHXb  pasBcpxbiBanHC  b  OKcnayaxapHio 
MHCKH. 
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Co3/^aHHe  nepcneKTHBHfcix  nepcoHajitHtix  MllCKH  HeB03M0H<H0  6e3  C03aaHHH 
HOBoro  noKOJieHHa  KocMHHecKiix  cpeflCTB.  B  uacToamee  BpeMa  cymecTByex  TeH;];eHii;Ha 
K  yBejiHHeHHK)  oSteMa  aaHHbix,  coSHpacMoro  kocmhhcckhmh  cpe^cTBaMH 
Ha6aK)zi,eHHa.  B  to  >Ke  BpeMa  noaoca  nponycKaHHa,  BbiaeacHHaa  ana  KOCMHaecKHx 
paflHoaHHHH  KOCMoc-3eMaa  h  naoTHOcxL  MomnocxH  pa^HOHaayHeHHa  na  noBepxHOcxH 
3eMaH  orpaHHHeHa.  /^aa  yBcaHHCHHa  oGtcMa  aanHbix  nepeflasaeMbix  c  KA  Ha  3eMaK) 
xpeGyexca  npHMeHeuHe  chcxcm  oicaxHa  HH(})opMaHHH.  noaxoMy  nepcnexxHBHtie 
MFICKH  aoaacHBi  oGaaaaxt  bobmoxchocxbio  npHHHMaxt  h  pacnaKOBBiBaxb  cacaxyio 
HHc[)opMaHHio.  3x0  Moacex  Shxl  caeaano  xaK  annapaxHBiMH  cpe;rjcxBaMH,  xaK  h 
nporpaMMHO.  Caea;yex  otmcxhtb,  hxo  aaa  noBbimenHa  KaaecxBa  npneMa 
nepeaaBaeMOH  HH4)opMaHHH  c  KA,  yHHXbiBaa  BHuie  CKaaaHHoe,  caeayex  HcnoabsoBaxb 
HsSbixoHHoe  KoanpoBaHHC  cHXHaaa.  Hxo  xoxa  h  npHBeaex  k  yBeaHaeHHio  oGteMa 
nepeaaBaeMbix  aaHHbix,  3axo  no3BoaHX  KaaecxBeHHoe  BoccxaHOBacHHC  HH(|)opMaHHH 
Ha  npHCMHOH  cxopoHe,  ;^aa<e  b  He6aaronpHaxHbix  ycaoBHax  (npH  MCHbrneM 
oxHomeHHH  CHXHaa/uiyM). 

Moayab  npHCMHHKa  h  jjCKoaepa  b  Hacxoamee  BpeMa  Moacex  6bixb  BbinoaneH  c 
npHMCHeHHeM  MC  bbicokoh  HHxe^pa^HH  (ITJIHC,  qOC,  MHicpoKOHxpoaaepoB  h  ap.). 
KpoMe  npHeMHHKa  h  ;];eKOflepa  axox  MOflyab  BKaioHaeT  b  ce6a  6aoK  ynpaBaenna 
anxcHHOH  CHcxeMOH  (BYAC)  (aaa  cxani^HH  bbicokoxo  h  cpcOTero  paspemeHHH)  h 
ycxpoHcxBO  conpaaccHHa  c  3BM  ynpaBaenna  h  npea,BapHxeabHOH  o6pa6oxKH  /^aHHbix. 
BYAC  HpeaHaaHaaeH  aaa  ^JopMupoBaHHa  KOMana  ynpaBacHHa  anxcHHOH  cncxeMOH,  b 
peaabHOM  Macmxa6e  BpeMCHH.  B  Kanecxse  Hcxoanux  aaHHbix  aaa  4>opMHpoBaHHa 
ynpaBacHHa  aHxeHHOH  CHCxeMOH  Hcnoab3yK)xca  napaMexpbi  opSHXbi  cnyxHHKa. 

Moayab  aaa  cxaHHHH  hhbkoxo  paapemeHHa  Moacex  6bixb  BbinoaHea  b  BHae 
PCMCI  naaxbi  aaa  noaKaiOMeHHa  k  nopxaxHBHbiM  nepconaabHbiM  KOMHbKDxepaM 

mi 

Moayan  cxaHHHH  bbicokoxo  h  cpeaHero  paspemeHHH  Moryx  6bixb  BbinoaHCHbi  b 
paaaHHHOM  HCnoaHCHHH,  B  SaBHCHMOCXH  ox  XOFO,  C  KaKHMH  KA  OHH  pa6oxaiox. 

Cicopocxb  nepeaaHH  aaHHbix  co  cnyxHHKa  na  3eMaio  b  ananaaoHe  1,7  TPh 
Moaiex  aocxHxaxb  32  MGhx/cck,  a  b  awanaaoHe  8  TIh  Moacex  aocxHxaxb  b 
nepcneKXHBe  256  MGhx/cck. 

B  aaBHCHMocxH  ox  xpeGyeMOH  CKopocxH  npneMa  aaHxibix  co  cnyxHHKa  Moayab 
npHeMHHKa  h  aoKoaepa  cxaHHHH  bbicokoxo  h  cpeanexo  paapemeHHii  Moacex  Sbixb 
BbiHoaHeH  caeayioiHHM  o6pa30M: 

•  B  BHae  naaxbi  pacuiHpeHHa  niC  b  PCI  HcnoaHeHHH; 

B  3X0M  caynae  MllCKH  Hcnoabsyex  pecypcbi  HK  aaa  aanncH  npHHHMaeMbix 

aaHHbix. 

•  B  BHae  BHeiHHexo  ycxpoHCXBa  c  HHxep(|)eHCOM  conpaaccHna  c  3BM 
ynpaBaeHHa  h  npeaBapHxeaBHOH  o6pa6oxKH  aaHHbix. 

B  3X0M  caynae  MO,ayab  npneMHHKa  h  aeKoaepa  Moacex  6bixb  BbmoaHeH  na  Gase 
npoMbaiiacHHOH  oaHonjiaxHoii  3BM  b  cxaHaapxe  CompactPCI  c  HenxpaabHbiM 
nponeccopoM  (CPU)  Intel  Pentium  nan  AMD  K6.  HcnoabaoBaHHe  uihhbi  CompactPCI 
no3BoaHx  npHHHMaxb  aamibie  c  MaKCHMaabHbiM  hoxokom  ao  500  MGhx/cck. 
o6ecneHeHHa  xapaHXHpoBaHHOH  peaKHHii  na  BHeiuHHe  coGbirna  Hcnoabsyexca  onepanHOHHaa 
CHcxcMa  peaabHOxo  BpcMCHH  (xmia  QNX,  OS-9,  Windows  NT  peaabHoxo  BpeMeHH).  BaoKH 
npHCMHHKa,  acKoaepa,  ynpaBaeHHa  AC  h  conpaacenna  Bbinoanaioxca  b  cxanaapae 
CompactPCI.  OanonaaxHaa  3BM  ocymecxBaaex  ynpaBaenne  pa6oxoH  Bcex  SaoKOB 
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MnCKH,  opraHHsyer  o6MeH  h  c^opMHpyex  cjiyHceGnyio  HH4)opMaiijno  /pw 

OToGpaaceHHa  coctoshkh  MECKH  na  3BM  ynpaBJieniM  h  npe^apHxentHOH  o6pa6oxKH 
^laHHbix.  B  cocxaB  MOAyJia  npHCMHHKa  h  flCKOflepa  exo^hx  ^ihckobeih  MaccHB  RAID. 
npHHjrxbie  H  coxpaHCHHbie  Ha  zijickobom  MaccHBe  HaHHLie  nepeH:aK)xcx  na  3BM  ynpaBneHHx 
H  npeHBapHxejiBHOH  o6pa6oxKH  naHHbix,  paGoxaroinyK)  non  ynpaBJieHHeM  OC  Windows 
Hopes  ycxpoHCTBO  conpaxcoHHH. 

VcxpoHoxBO  conpHxcoHHa  npe/^cxaBJwex  hs  coGh  coxoboh  KOHxpojmep  jih6o 
BbicoKOCKopocxHOH  KOHxpojHiop  TFER  1394  (Firewire),  Koxopbm  noflaepaoroaox  CKOpocxH 
oGMOHanaHHBiMH  100, 200  h  400  M6hx/c,  a  b  nepcneicxHBe  800  h  1600  M6hx/c, 

3BM  yiipaBJiOHHH  h  npeflBapuxojXBHOH  o6pa6oxKH  ashheix 

3BM  ynpaBjiOHHH  h  npeABapHxenbHOH  o6pa6oxKH  naHHbix  npoACxaBJiHox  hs 
ceOfl  nepcoHajibHbiH  KOMnbioxep  hjih  paOoHyio  cxanpHio  na  Koxopoii  ycxaHOBjieHO  EO 
ynpaBjiOHHa/AHarHOCXHKH  MECKH,  EO  npoABapHxejibHOH  o6pa6oxKH  abhhhx,  EO 
BOAOHHH  Kaxajiora  KC. 

OyHKHHH  EO  ynpaBAOHHa/AHaxHocxHKH  MECKH: 

•  pacHox  pacnHcaHHH  npoxoacACHHK  cnyxHHKOB  Hopes  soHy  paano  bhahmocxh 
npHOMHOH  CXaHHHH  B  Sa^aHHOM  HHXepBaJie  BpOMOHH; 

•  pacHox  xpaoKxopHH  cnyxHHKa  h  ynpaBJioHHO  anxenHOH  ^.na.  HaBonenHa  ee  na 
cnyxHHK; 

•  ynpaBnoHHO  AeKOAepOM; 

•  sanHCb  AaHHbix  c  MECKH  b  apXHB  (HSCM/^  hjih  RAID-MaccHB,  cxpHMop); 

•  aBXOMaXHHOCKHH  HpHOM  ASHHblX  HO  SaAaHHOMy  paCHHCaHHIO; 

•  AHaxHocxHica  h  OToOpaxccHHo  cocxoaHHx  paOoxbi  MECKH. 

OyHKHHH  no  npoABapHxojibHOH  o6pa6oxKH  AaHHbix: 

•  4>OpMHpOBaHHe  paCXpOBbIX  HSOOpaaCOHHH  HS  HOAyHOHHblX  AaHHbIX; 

•  paAHOMoxpHHocKyK)  KoppoKHHK)  KC  HO  KaxcAOMy  cnoKxpajibHOMy  Kanany; 

•  npocMOxp  KC  B  akiGom  cnoKxpaAbHOM  KanaAO,  bosmoxchooxb  "Bbipesaxb" 
(J)parMeHX  iis  KC  c  ccxpaHCHHOM  ero  b  oxacabhom  ^laftAo; 

•  SKcnopx  KC  B  (t)opMaxbi  noAAepxcHBaoMbie  FHC  h  nporpaMMaMH 
xoMaxHHOCKOH  o6pa6oxKH  AaHHbix  (ERDAS,  ER-Mapper,  h  ap  ); 

•  4)yHKHHH  npoABapHXOAbHoro  anajiHsa  KC  -  MacmxaOHpOBaHHo  cHHMKa, 
HSMOHeHHo  KOHxpacxa  H  apKocxH  CHHMKa,  onepaHHH  naA  xHcxorpaMMOH 
(BbipaBHHBaHHo),  roorpacjiHHecKaa  npHBssKa  KC  no  opOnxaAbHbiM  oAOMOHxaM. 

OyHKHHH  EO  BOACHHA  KaxHAoxa  KC: 

•  BOAeHHO  Oasbi  AaHHwx: 

•  XHH  CKaHHpyioiHero  opnGopa; 

•  HaAHHHO  B  (J)aHAe  onpoAeAOHHbix  cnoKxpaAbHbix  KanaAOB; 

•  Aaxa  H  BpoMA  cbomkh; 

•  nOKpblXHO  CHHMKOM  SaAaHHOH  TOppHXOpHH; 

•  Mocxo  xpaHOHHA  4>aHAa; 

•  HaAHHHO  HOKOXOpOrO  XOKCXa  B  KOMMOHXapHAX  K  SaHHCSM. 

•  EpHAOxceHHO  ynpaBAOHHa  KaxaAoroM  npoAocxaBAaex  xaKxce  pan  aohoa- 

HHXOAbHblX  bosmoxchocXoh: 

•  BbIBOA  HH4)OpMaHHH  0  BblOpaHHbIX  SaHHCaX  B  oOblHHblH  XOKCXOBblH  4)aHA; 
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•  coxpaHeHHe  h  BoccxaHOBJieHHe  Konnii  TaOjiHii;  b  cacaxoM  bhas  c  aejibio 
pesepBHoro  KonHpoBaHHH  hjih  nepe^aHH  hx  /ipyrHM  nojitaoBaxejixM; 

•  BbiBoj;  Ha  nenaib  oxMexoB  h  HsoGpaxceHHH  xapxbi  c  KOHxypaMH  chhmkob; 

•  coxpaHeHHe  b  (J}aHJie  h  nenaxb  iipHBHsaHHbix  k  sanncaM  rpa4)HMecKHX 
H3o6pa)KeHHH; 

•  Henocpe/tcxBeHHaa  sarpysxa  BbiSpaHHbix  HsoSpaaceHHH  b  npHJioxceHHe 
npocMoxpa  h  o6pa6oxKH  HsoSpaaceHHH. 

nporpaMMHoe  oGecnenenHe  Moxcex  6bnb  peamBOBaHO  hoh  onepaoHOHHbiMH  CHcreMaMH 
(OQ  Windows  9x/NT.  /IjaHHbie  OC  Handojiee  pacnpocxpaHCHbi  h  nocxoaHHo  coEq^uieHcxeyiorca, 
HMCEOT  paJBHXblH  HHiep^jCHC  H  BOavIOXCHOCTH  pa60XbI  B  CeiH.  HMeeiCa  Sojlbuioe  KOHHHeCXBO  FHC  H 
npoipaMM  xeMaimecKOH  o6pa6arKH  KC,  Koropbie  paSoxaiox  HMenno  non  3xhmh  OC,  hto  nosBOJiaex 
jiynme  HHieipHpoBaxb  110  MIICKH  pjm  peiSoix,!  c  hhmh. 

OflHH  H3  BapnaHXOB  MnCKH  bbicokoxo  pa3pemeHHa  iioKa3aH  na  Phc.  1. 


Satellite 


Antenna 
system  unit 


Phc.  1 


Mo.fl;yjib  npiieMHHKa  h  flexoflepa  BbinojiHCH  na  dase  npOMbinuieHHOH 
OHHonnaxHOH  3BM  b  cxaH/tapxe  CompactPCI.  CooxBexcxseHHO  6jiokh  npneMHHKa, 
ncKOj^epa,  BY  AC  xo>Ke  BbinojiHenbi  b  cxaH;];apxe  CompactPCI.  B  KanecxEC  ycxpoHCXsa 
conpaxceHHB  c  3BM  ynpaBJicHHH  h  npe^BapHxejibHOH  o6pa6oxKH  /taHHbix 
npHMeHHexca  cxaHttapxHbiH  Ethernrt  KOHxpojuiep,  BcxpoeHHbiH  b  npoMbimneHHyio 
3BM  hhGo  BbicoKOCKopocxHOH  KOHxpoJiJiep  IEEE  1394  (Firewire). 

B  KanecxBe  npopeccopa  BYAC  npHMenaexca  32-pa3pa^tHbra  DSP  (|)HpMbi  Analog 
Device  ADSP  21065,  noMepxcHBaionmH  KOManabi  c  miaBaiomeH  xohkoh  h  HMetonmii 
6H6jiHOxeKy  ochobhbix  MaxeMaxHHecKHX  4>yHKitHH  (sin,  cos  h  flp.).  Cymecxnyex 
B03M0XCH0cxb  HpoipaMMHpoBaHHa  DSP  Ha  a3biKe  BbicoKoro  ypoBHa  Ch.  HcnojibSOBaHne 
DSP  ocBo6oxcHaex  HeHxpajibHbm  nponeccop  OAHonjiaxHoft  DBM  ox  (|)yHKHHH  ynpaBJicHHa 
anxcHHofi  CHCXCMOH  B  npoEtecce  npoBenenHa  ceanca  npneMa  h  no.mcjiK)Haxb  hbckojibko 

aHXeHHbIX  CHCXCM. 

Bjiokh  npHeMHHKa  h  jteico^iepa  nocxpoenbi  c  npHMeHeHHeM  lUHiC  FLEX  1  OK,  hxo 
no3BOJiaex  M0jiH4)HHHpoBaxb  ajiropHXMbi  o6pa6oxKH  aaHHbix  b  poKHMe  paSoxbi. 
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MITCKH  ;];onycKaeT  asTOHOMnyio  paGoxy  b  xeHeHHH  HecKontKHx  cyxoK  c 
coxpaHeHHCM  HH4)opMapHH  flHCKOBOM  MaccHBe  RAID  H  apxHBauHeft  Ha  cxpHMepe.  Ho 
Mepe  HeoGxo^HMOCXH  axa  HH4)opMai];Ha  nocxynaex  Ha  pa6oHyio  cxanpHio 
aiajiBHeHmeii  o6pa6oxKH  KC  hjih  HcnojiBSOBaHna  ee  b  FHC. 

npocMOxp  H  nepBHHHaa  o6pa6oxKa  KC  ocymecxBJiaexca  na  rpa(J)HHecKOH 
paGoHCH  cxaHHHH  (cm.  Phc.  1).  HporpaMMa  npocMOxpa  h  nepBHHHoft  o6pa6oxKH  KC 
MnCKH  HMeex  bo3mo^hocxb  aKcnopxa  b  4)opMaxbi  nonyjiapHbix  THC.  3xo  aaex 
B03MOxcHocxb  JiexKOH  HHxexpaHHH  flaHHbix,  nojiynacMbie  c  MIICKH,  c  naKcxaMH 
o6pa6oxKH  ^caHHbix  ,H33  xnna  ERDAS  h  EHC. 

B  PoccHH,  b  HacxoanijHH  momchx,  paspaGaxbmaioxca  6opxoBbie  ycxpoHCXBa 
npocxpaHCXBeHHoro  cacaxua  HsoGpaaceHHii,  nocxynaioiujix  c  Aai’^mcoB  McnoJibSOBaHHe 
6opxoBoro  cacaxHa  H3o6paa(eHHa  npH  nepe^aHH  ^aHHbix  co  cnyxHHKa  na  MTICKM  hobbojihx 
Ha  oflHH  -  zipa  nopaajca  yBei[HHHxi>  o6beM  HHc^opMaHHH  nojiynaeMOH  MTICKH.  /Ipa 
Hcnojib30BaHHa  KC,  cacaxbix  na  6opx>'  cnyxHUKa,  hx  Heo6xozmMO  flCKOzpipoBaxb.  IloaxoMy, 
no  zyia  MTICKH  Ha  nacxoxbi  1,7  ITh  h  8  FEh  npepnoaaraexca  ponojiHHXb  MopyjieM 
peKopHpoBaHHa  npocxpaHCXBeHHO-cacaxbix  H3o6paxceHHH. 

HepcneKXHBHbie  cnyxHHKH  ^33  Sypyx  KOMnjieKxoBaxbca  cKaHHpyiomHMH 
cncKxpoMexpaMH  BbicoKoro  npocxpaHCxscHHoro  paapemcHHa  VO,  bhahmoxo  h  HK 
pHanasoHOB.  CoBpcMeHHbie  h  nepcncKXHBHbie  papHoaHHHH  "cnyxHHK  -  nyHKx  npHena" 
HMCiox  nponycKHyio  cnocoGnocxb  nopapKa  100  MOnx/cex.  /(aa  nepepaHH  paHHbix  c 
nepcneKXHBHbix  cneKxpoMcxpOB  xpeSyexca  nponycKHaa  cnocoOnocxb  papHoaHHHH 
nopapKa  pecaxKOB  FOhx/cck.  ^Jia  axoro  aBxopaMH  npepaaraexca  ocymecxBaaxb 
CHHxe3HpoBaHHe  MyabXHcneicxpajibHbix  KanaaoB  h  xcMaxHHecKyio  KnaccH(J)HKaiiHio 
MHoro30HajibHbix  H3o6pa;aceHHH  na  6opxy  cnyxHHxa,  Hcnoab3ya  Gopxosyio  CHCxeMy 
o6pa6oxKH  H3o6paaceHHa  h  nepepaBaxb  KopHpoBaHHbie  panHwe  no  HMCionzHMca 
papHoaHHHaM.  HO,  paa  MCHKH  na  nacxoxbi  1,7  FFn  h  8  FFn,  npepnoaaraexca 
ponoaHHXb  MoayacM  peKoanpOBaHHa  CHHxe3HpoBaHHbix  h  KaaccH4)HnHpoBaHHbix 
H3o6paaceHHH. 


3aKaioqeHHe 


Flo  mhchhio  aBxopoB  cospaHHe  nepcneKXHBHbix  Maabix  npneMHbix  cxaniiHH 
aoaacHO  ocymecxBaaxbca  coBMecxHo  c  paspaOoxKoft  h  coxaaHHeM  OopxoBbix  chcxcm 
o6pa6oxKH  HSoGpaaceHHH  (b  xom  nncae  chcxcm  cacaxna  H3o6paaceHHH). 

HepcneKXHBHbie  Maabie  npneMHbie  cxannHH  aoaacHbi  paapaOaxbmaxbca  Ha  Oaae 
HC  BbicoKOH  HHxerpauHH  (HJIHC,  nponeccopoB  LI,OC,  MHKpoKOHxpoaaepoB),  nxo 
ynpocxHx  xexHHnecKoe  oOcayaiHBaHne  h  MopepHH3anHK)  MHCKH.  KpoMC  xoro 
noBbicHXb  aKcnayaxaiiHOHHbie  CBoiicxBa  MHCKH  noxBoaaex  npHMeneHHe 
HexpammHOHHbix  pemcHHH  coapaHHa  anxeHHbix  chcxcm  -  npHMCHCHHe 
ceraexoKepaMHHecKHX  anxcHH  h  (JjaxHpoBaHHbix  anxeHHbix  pemexoK. 
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Abstract 


Today,  when  GIS  technologies  have  been  enhancing  and  widely  spreading,  an 
acquisition  of  the  operating  geoecological  spatial  information  is  getting  in  a  growing 
significance.  A  large  content  of  the  geo-information  is  currently  acquired  by  space 
systems.  Republic  administrations  and  local  authorities  in  regions  and  cities;  experts  in 
meteorology,  agriculture,  agronomy,  oil-and-gas  industry;  navigators  and  travellers; 
scientific  expeditions  and  others  are  interested  in  a  fast  delivery  of  the  space 
information.  To  meet  completely  the  needs  of  the  above  consumers,  small  stations  for 
space  information  reception  (SMASSIR)  have  been  recommended,  including  mobile 
ones. 


Application  of  small  stations  for  space  information  reception 


SMASSIRs  are  designed  for  reception  of  the  information  acquired  by  space  on-board 
devices  of  the  Earth  remote  sensing,  and  also  for  thematic  processing  and  prompt 
distribution  of  the  information  to  a  wide  range  of  consumers. 

A  SMASSIR  allow  to  receive  the  following  data': 

•  images  of  the  land  and  ocean  surfaces,  and  also  clouds  in  UV,  visible,  IR  and 
microwave  ranges; 

•  the  state  of  the  atmosphere; 

•  meteorological  parameters  transmitted  in  a  telemetry  frame  (temperature,  pressure, 
velocity  of  wind,  etc.); 

•  time  and  geographical  references. 

The  received  information  after  a  thematic  processing  can  be  used  for: 

•  assessments  of  an  ecology  situation  in  a  region; 

•  realization  of  prospecting  survey; 

•  monitoring  of  contaminant  sources; 

•  detection,  evaluation  of  sizes  and  monitoring  of  events  in  the  zones  of  catastrophes, 
forest  and  steppe  large  fires,  large-scale  contaminations  on  an  ocean  and  land  surface; 

•  monitoring  of  motion  of  the  boundaries  of  desert  lands  and  drought  zones; 

•  identification  of  atmospheric  fronts; 

•  tracing  of  a  cloud  cover; 

•  calculation  of  the  temperature  of  a  land  or  ocean  surface; 

•  analysis  of  the  condition  of  a  farmland; 
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•  monitoring  of  the  condition,  classification  and  evaluation  of  the  output  of 
vegetations; 

•  land  cadastre  mapping; 

•  calculations  of  vertical  profiles  of  both  temperature  and  humidity; 

•  calculations  of  an  integrated  parameter  of  humidity; 

•  weather  forecasting. 


An  analysis  of  existing  small  stations  for  space  information  reception 

The  existing  SMASSIRs  provide  reception  from  geostationary  satellites  (Meteosat, 
GOES,  Electro);  from  polar  satellites  (Meteor,  NOAA);  and  from  the  Resurs,  Landsat, 
SPOT  satellites. 

The  receiving  stations  of  the  WeatherFront  type  (GEODYNAMICS  Corp.)  or  SMART 
Station  (GEODYNAMICS  Corp.)  consist  of  a  parabolic  antenna  with  a  downconverter, 
receiver  and  decoder,  the  antenna  positioner,  and  are  designed  as  an  independent  unit,  or 
as  interface  plates  with  personal  computers.  For  example,  a  WeatherFront  station  is  an 
independent  device  on  the  basis  of  i486DX  processor,  has  interfaces  for  connection  with 
devices  of  GPS  and  weather  bureau  stations.  The  SunSparc  workstation  is  used  as  a 
device  for  processing  of  the  received  data,  and  connects  with  the  receiving  station  via  an 
Ethernet  network. 

The  SMART  Station  has  modifications  (marine  and  land)^  and  provides  data  reception 
from  satellites  in  HRPT,  GOES,  GMS,  Meteosat  formats.  The  receiving  station  is  of 
ISA,  EISA  or  PCI  bus  card  size,  it  has  an  analogue,  serial,  TTL  RS-422  input  and  16,  32 
or  64-bit  words  to  workstation  bus.  A  computer  on  Windows  NT,  SUN  Microsystems, 
Silicon  Graphics  and  DEC  Alfa  (DEC  OSF/1  (UNIX))  platforms  is  used  as  a  device  for 
the  received  data  processing.  The  softvv'are  is  supplied  as  modules  for  ERDAS  Imagine: 
SMARTrack,  HRPT  Module,  MET  Module. 

Liana  (R&D  Center  ScanEx),  MEMOSAT,  SUJET-M,  the  Russian  receiving  stations, 
provide  a  signal  reception  from  NOAA,  Meteor,  Ocean  satellites  in  APT  format  (137 
MHz).  They  are  designed  as  an  ISA  interface  plate  for  an  IBM-compatible  PC,  or  as  an 
external  unit  with  the  RS-232  interface.  The  supplied  software  for  Windows  provides 
calculation  of  reception  sessions,  displaying  of  the  received  data,  geographical  and  map 
reference,  export  of  graphic  files^’'‘. 

Such  Russian  receiving  stations  as  Liana-M  and  Selena  (R&D  Center  ScanEx)^’  are 
used  for  demodulation,  analog-digital  conversion  and  PC  input  of  the  data  received  from 
the  meteorological  satellites  of  Meteosat,  GMS,  Goes  and  Electro  type  on  1.7  GHz 
frequency.  The  software,  supplied  with  stations,  is  designed  under  MS  Windows  3.1  and 
provides  an  image  reception  from  a  satellite  according  to  a  schedule,  real-time  display  of 
the  reception  process  on  the  computer  screen,  sequential  animation  of  the  images, 
handling  of  fragments  of  the  images,  export  of  an  image  in  a  BMP-format  file  format 
and  obtaining  of  the  image  hardcopies. 

ScanEx  (R&D  Center  ScanEx),  SUJET-MC,  Russian  receiving  stations,  are  used  for 
reception,  demodulation,  recording  on  a  hard  disc  of  a  PC  and  primary  processing  of 
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the  received  data  in  HRPT  format  from  NOAA  satellite  in  the  frequency  band  of  1670- 
1710  MHz. 

ScanEx  consists  of  an  antenna  system,  antenna  system  interface  unit  with  PC  and 
software.  The  antenna  system  consists  of  a  parabolic  reflector  with  an  antenna  rotator, 
fed  by  a  low-noise  amplifier  with  a  downconverter.  The  interface  unit  consists  of  an 
amplifier  and  phase  detector  of  received  signals,  converter  of  signals  into  a  parallel 
digital  code,  both  analog-to-digital  and  digital-to-analog  converters  of  check-up  signals 
and  signals  to  control  the  system,  antenna  amplifiers  and  simulator  of  signals.  The 
interface  unit  is  designed  as  a  desktop  unit  with  feeding  from  a  supply  source  of  AC  220 
V,  50  Hz  and  addin  ISA  card  for  an  IBM  —  compatible  PC.  The  software  developed  for 
MS  Windows  3.1,  consists  of  two  basic  applications;  data  acquisition  schedule  control 
code  {Scan  Receiver)  and  program  for  both  fastview  and  primary  data  processing  {Scan 
Viewer).  The  time  schedule  control  program  {Scan  Receiver)  executes  calculation  of  a 
schedule  of  satellites  passing  through  a  station  reception  area  within  a  given  time 
period;  indication  of  the  state  of  both  the  antenna  and  dataflow  during  a  reception 
session.  The  fastview  and  primary  data  processing  program  {Scan  Viewer)  provides 
annotation  of  the  images,  fastview  of  the  images  with  a  capability  of  selection  of  a 
channel  and  a  fragment,  scaling  of  the  images,  geographical  and  map  reference  for 
orbital  elements,  pceudo-colour  imaging  with  an  option  of  a  graphic  pallet  formation, 
calculation  of  histograms  and  item  photometry,  correction  of  an  exact  time  of  a 
reception  and  orientation  of  a  satellite  on  reference  points  in  an  image,  saving  of 
selected  fragments  in  an  initial  format  and  their  export  into  standard  formats,  obtaining 
of  hardcopies  of  the  images^  '’. 

ScanEr  (R&D  Center  ScanEx,  Russia)^’  is  used  for  reception  and  primary  processing 
of  the  satellite  data  from  «Resurs-01-3»  satellite  in  8  GHz.  The  receiving  station 
consists  of  an  antenna  system,  interface  unit  of  the  antenna  system  with  a  computer  and 
software  for  reception  {Resurs  Receiver)  and  primary  processing  {Scan  Viewer)  of  the 
achieved  information.  The  antenna  system  consists  of  a  parabolic  antenna  with  the 
antenna  rotator,  a  low-noise  amplifier  and  downconverter.  The  interface  unit  consists  of 
an  amplifier  and  phase  detector  of  received  signals,  converter  of  a  received  signal  into  a 
parallel  digital  code,  analog-to-digital  and  digital-to-analog  converters  of  check-up 
signals  and  signals  to  control  the  system,  simulator  of  signals.  The  interface  unit  is 
structurally  made  as  a  desktop  unit  with  feeding  from  a  supply  source  of  AC  220  V, 
50  Hz  and  addin  IBM  PC  ISA  cards.  The  MMPI  station  (RNII  KP,  Russia)  is  a 
functional  analog  of  ScanEr  station. 

UniScan  /.//(R&D  Center  ScanEx,  Russia),  is  a  new  version  of  a  station,  integrating 
capabilities  of  two  systems:  ScanEr,  designed  for  reception  of  data  from  Resurs-O 
satellites,  and  ScanEx,  designed  for  reception  of  data  from  NOAA  satellites. 

The  receiving  stations  of  ERS,  GMS,  IRS,  INSAT,  LANDS  AT,  SPOT  are  rather 
complex  and  large  receiving  systems  which  being  small  are  not  personal.  A  user  can  get 
data  from  these  systems  at  a  central  system  of  distribution.  Therefore,  receiving  stations 
of  the  said  systems  are  included  in  a  unified  system  of  data  collecting,  processing  and 
archiving,  and  in  the  given  article  are  not  considered. 
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Design  principles  of  advanced  small  stations  for  space  information  reception 


The  above  review  of  the  current  state  in  the  field  of  small  stations  for  reception  of  space 

infomation,  their  exploration,  and  also  prospects  for  new  space  means  and  subsystems 

in  the  Earth  remote  sensing,  assumes  conformity  of  planned  SMASSIR  to  the  following 

basic  principles: 

•  small  sizes  and  mobility  -  a  SMASSIR  should  be  designed  in  a  mobile  version 
(portable,  transportable)  and  provide  on-line  operation  at  any  position  on  the  Earth, 
that  assumes  the  global  navigational  systems  (GPS/GLONASS)  shall  be  used  for  a 
SMASSIR  positioning; 

•  Scalability  -  enhancement  of  capabilities  by  adding  hardware  modules,  and/or 
modernization  of  software; 

•  Controllability  -  autonomous  operation  with  the  capabilities  of  remote  control  and  the 
data  transmission  through  local  and  global  telecommunication  networks; 

•  Stability  -  maintenance  of  operational  performances  under  a  rugged  environment 
impact  and/or  man  error; 

•  Compatibility  -  support  of  new  and  existing  data  transfer  protocols  and  formats  of 
storage  and  export  in  commonoly  used  GIS;  ability  to  operate  on  various  hardware 
and  software  platforms; 

•  Electromagnetic  compatibility  -  normal  operation  in  a  small-size  space  with  a  great 
number  of  various  radio  and  electrical  devices; 

•  Ergonomics  -  a  set  of  properties  of  a  SMASSIR,  making  its  exploration  comfortable 
to  an  operator; 

•  Ecofriendness  -  a  SMASSIR  operation  should  not  cause  damage  to  both  an 
environment  and  operator; 

•  Efficiency. 


Main  directions  of  a  SMASSIR  development 

The  authors  have  proposed  a  concept  of  an  advanced  personal  mobile  SMASSIR 
development  in  TsNIIMASH.  Requirements  and  proposals  on  design  of  key  elements  of 
the  SMASSIR  have  been  formulated.  Some  versions  of  an  antenna  system  configuration 
for  the  mobile  SMASSIR  in  137  MHz  range  have  been  developed.  Prototypes  of 
antenna  system  elements,  electronic  and  programm  modules  of  the  SMASSIR  have  been 
manufactured. 

Conventionally,  the  receiving  stations  can  be  subdivided  in  the  following  types: 

•  low  resolution  station  (137  MHz); 

•  middle  resolution  station  (137  MHz  and  1.7  GHz); 

•  high  resolution  station  (137  MHz,  1 .7  GHz  and  8  GHz); 
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A  SMASSIR  consists  of  the  following  components: 

•  an  antenna  system; 

•  a  module  of  a  receiver  and  decoder; 

•  a  PC  for  control  and  data  preprocessing; 

•  software. 

The  modern  level  of  microelectronics  development  allows  to  create  an  advanced 
SMASSIR  with  new  capabilities  and  performances: 

1.  An  application  of  high-density  integrated  circuit  allows  to  reduce  essentially  the  mass 
and  overall  dimensions  of  SMASSIR; 

2.  and  also  to  reduce  its  power  consumption. 

3.  The  modular  configuration  of  SMASSIR  allows  to  enhance  capabilities  of  the  station 
by  adding  additional  modules  if  required. 

4.  Algorithms  of  operation  (firmware)  of  a  SMASSIR  can  be  modernized.  (Adaptation 
to  new  data  formats  without  replacement  of  hardware  is  available). 

5.  An  application  of  special  programm  techniques  for  data  processing  allows  to  upgrade 
and  add  new  functions  of  the  station  by  updating  its  software. 

Now,  either  dipole  or  spiral  antennas,  having  large  sizes  (1.5x1. 0x1.0  m),  are  used  as  a 
SMASSIR  receiving  antennas  for  137  MHz.  To  minimize  the  antenna  system  sizes, 
ferroelectrical  antennas  can  be  used.  The  application  of  ferroelectrical  technology  allows 
to  reduce  essentially  sizes  (down  to  ~  100x100x100  mm  together  with  a  low-noise 
amplifier  (LNA))  and  weight  (about  300g  with  LNA)  of  an  antenna  system. 

The  parabolic  antennas  with  the  diameter  of  a  paraboloid  from  1.2  up  to  2  meters 
(depending  on  the  type  of  station)  are  used  as  receiving  antennas  in  1 .7  GHz,  8  GHz 
bands.  The  application  of  such  antenna  systems  makes  an  on-line  operation  of  a 
SMASSIR  difficulty.  Therefore,  phased  antenna  arrays  (PAA)  are  proposed  as  antenna 
systems  for  a  SMASSIR.  The  Main  advantage  of  such  systems  is  that  mechanical 
scanning  ot  a  ray  and,  consequently,  massive  and  expensive  servo-drivers  are  not  used 
in  their  scheme.  The  mounting,  preliminary  adjustment  and  operation  of  a  system 
become  simplier.  The  ray  scanning  is  executed  under  an  electronic  method,  the 
positioning  of  a  ray  in  any  point  of  scanned  space  is  really  carried  out  instantly  and  the 
angular  velocity  of  a  ray  scanning  exceeds  considerably  the  one  of  a  mechanical  method. 
The  use  of  active  PAA  allows  to  follow  several  satellites  and  to  make  spatial  selection 
of  interferences.  The  application  of  PAA  will  allow  to  reduce  sizes  and  weight  of 
antenna  .systems  and  to  simplify  the  SMASSIR  put  in  operation. 

Advanced  personal  SMASSIR  will  require  a  new  generation  of  space  on-board  devices. 
At  present,  there  is  a  tendency  to  increase  the  volume  of  data  acquired  by  space  means. 
At  the  same  time,  the  frequency  band  allocated  for  space-to-ground  line  and  a  power 
density  of  radio  emission  on  the  Earth  surface  are  limited.  To  increase  the  volume  of 
data  transmitted  from  space  to  ground,  an  application  of  data  compression  systems  is 
required.  Therefore,  an  advanced  SMASSIR  should  have  a  capability  to  receive  and 
unpack  compressed  data.  It  can  be  realized  on  hardware  and  also  on  program  level.  It 
should  be  noticed,  that  taking  into  account  the  above  said,  to  increase  the  quality  of 
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a  data  reception  from  a  satellite  it  is  necessary  to  use  the  technique  of  redundant 
encoding  of  a  signal.  Though  it  will  increase  the  transmitted  data  flow,  but  provide  a 
qualitative  data  decoding  on  the  receiving  part,  even  in  unfavorable  conditions  (at  a 
smaller  signal-to-noise  ratio). 

At  present,  the  module  of  a  receiver  and  decoder  can  be  manufactured  with  application 
of  high  integration  microcircuits  (CPLDs,  DSPs,  microcontrollers  etc.).  Except  for  a 
receiver  and  decoder,  this  module  includes  an  antenna  system  control  unit  (ASCU)  (for 
stations  of  high  and  middle  resolutions)  and  an  interface  unit  with  a  PC  for  control  and 
data  preprocessing.  ASCU  is  designed  to  generate  control  commands  of  the  antenna 
system  in  real  time.  To  control  the  antenna  system,  orbit  elements  of  a  satellite  are  used 
as  an  input  data. 

The  module  for  a  low  resolution  station  can  be  realized  as  a  PCMCI  card  for  connection 
to  a  portable  personal  computers  (PC). 

The  modules  of  high  and  middle  resolution  stations  can  be  produced  in  vaiious  form, 
depending  on  the  type  of  a  satellite  they  work  with. 

The  data  rate  of  the  1,7  GHz  downlink  can  achieve  32  MBit/s,  and  in  future  in  the  8 
GHz  band  it  can  achieve  256  MBit/s. 

Depending  on  the  required  data  rate  the  module  of  a  receiver  and  decoder  can  be 
produced  as: 

•  an  expansion  PCI  card  for  PC. 

In  this  case  a  SMASSIR  uses  the  PC  resources  to  store  the  received  data; 

•  a  peripheral  unit  with  an  interface  to  PC  for  control  and  data  preprocessing. 

In  this  case  module  of  a  receiver  and  decoder  can  be  realized  on  the  basis  of  an 
industrial  single-board  computer  in  the  CompactPCI  standard  with  the  CPU  Intel 
Pentium,  Pentium  II  or  AMD  K6.  The  use  of  a  CompactPCI  bus  will  allow  to  receive 
data  with  the  maximum  flow  up  to  500  MBit/s.  To  provide  a  guaranteed  response  to 
an  external  event,  a  real-time  operational  system  (QNX,  OS-9,  Windows  NT  of  real 
time)  is  used.  The  units  of  the  receiver,  decoder,  ASCU  and  interface  are  produced  in 
the  CompactPCI  standard.  An  industrial  single-board  computer  controls  the  operation 
of  all  units  of  a  SMASSIR,  organizes  data  exchange  and  forms  the  service  interactive 
data  for  displaying  the  SMASSIR  condition  on  the  PC  for  control  and  data 
preprocessing.  The  module  of  a  receiver  and  decoder  includes  a  RAID  disk  array. 
The  data,  received  and  saved  on  the  disk  array,  are  then  transmitted  to  the  PC  for 
control  and  data  preprocessing,  operating  under  OS  Windows,  via  an  interface  unit. 
The  interface  unit  is  a  network  controller  or  high-speed  controller  IEEE  1394 
(Firewire)  which  supports  the  data  transfer  rate  of  100,  200  and  400  MBit/s,  and  800 
and  1600  MBit/s  in  future. 
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The  PC  for  control  and  data  preprocessing 

The  control  and  data  preprocessing  PC  is  a  personal  computer  or  workstation  with  the 
installed  SMASSIR  control/diagnostics  software,  data  preprocessing  software,  software 
for  space  image  cataloging. 

Functions  of  the  SMASSIR  control/diagnostics  software: 

•  calculation  of  the  satellite  passing  schedule  for  the  zone  of  reception  of  a  station 
within  a  specified  time  period; 

•  calculation  of  a  satellite  trajectory  and  control  of  the  antenna  to  point  it  at  the 
satellite; 

•  control  of  the  decoder; 

•  data  recording  from  SMASSIR  into  an  archive  (HDD  or  RAID-array,  streamer); 

•  automatic  data  reception  in  accordance  with  a  satellite  passing  schedule; 

•  diagnostics  and  displaying  of  the  state  of  SMASSIR  operation. 

Functions  of  the  data  preprocessing  software: 

•  creation  of  raster  images  from  the  received  data; 

•  radiometric  correction  of  a  space  image  in  each  spectral  channel; 

•  browsing  of  a  space  image  in  any  spectral  channel,  "cut  out"  of  a  fragment  from  a 
space  image  with  its  saving  in  a  file  if  a  user  demands; 

•  export  of  space  images  into  formats  supported  by  GIS  and  software  for  thematic  data 
processing  (ERDAS,  ER-Mapper,  etc.); 

•  a  preliminary  analysis  of  space  images  (scaling  of  an  image,  modification  of  contrast 
and  brightness  of  an  image,  handling  of  a  histogram  (alignment),  geographical 
referring  of  a  space  image  on  orbital  elements). 

Functions  of  the  software  for  the  space  images  cataloging: 

•  keeping  of  a  data  base: 

•  type  of  a  scanning  device; 

•  availability  of  the  specified  spectral  channels  in  a  file; 

•  date  and  time  of  a  survey  session; 

•  coverage  of  a  specified  territory  by  an  image; 

•  place  of  storage  of  a  file; 

•  availability  of  some  text  information  in  the  comments  to  records. 

•  Additional  functions  provided  by  the  catalogue  keeping  software: 

•  output  of  information  on  the  selected  records  in  a  text  file; 

•  saving  and  restoring  of  the  tables  copies  in  compressed  form  to  have  reserve  copies 
or  transfer  them  to  other  users  if  required; 

•  printing  of  reports  and  a  map  with  outlines  of  images  applied  to  a  map; 

•  saving  in  a  file  and  printing  of  images,  referred  to  records; 
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•  direct  loading  of  selected  images  in  the  software  shell  for  browsing  and  image 
processing. 

The  software  can  be  realized  under  operational  systems  (OS)  Windows  9x/NT.  These 
OS  are  most  commonoly  used  and  are  regularly  improved,  have  advanced  interface  and 
capability  for  operation  in  a  network.  There  are  many  GIS  and  software  for  thematic 
processing  of  space  images  which  can  work  just  under  these  OS.  It  allows  a  better 
integration  of  a  SMASSIR  software  into  the  said  software. 

A  variant  of  SMASSIR  configuration  is  shown  in  Fig.  I. 


Satellite 


Antenna 
•  syslern  unit 


Single-board  computer 
ASCU 

Receiver  module 


Decoder  module 


Tape  Storage  Disk  Storage 


Fig.l  A  SMASSIR  configuration  for  1 .7  GHz  and  8  GHz  operation. 


The  module  of  a  receiver  and  decoder  is  designed  on  the  basis  of  an  industrial  single¬ 
board  computer  in  the  CompactPCI  standard.  Blocks  of  the  receiver,  decoder,  ASCU  are 
also  designed  in  the  CompactPCI  standard.  A  standard  Ethernet  controller,  built  in  an 
industrial  computer  or  a  high-speed  controller  IEEE  1394  (Firewire)  is  used  as  an 
interface  unit  from  the  control  and  data  preprocessing  computer. 


A  32-digit  ADSP  21065  {Analog  Device)  is  used  as  the  processor  ASCU.  It  can  support 
a  floating  point  operation,  has  a  library  of  main  mathematical  functions  {sin,  cos  etc.). 
There  is  a  possibility  to  programm  the  DSP  in  a  high  level  language  C.  The  DSP  use 
will  allow  to  unload  the  CPU  of  the  single-board  computer  out  of  the  control  of  the 
antenna  system  during  a  reception  session  and  to  connect  some  more  antenna  systems. 


The  receiver  and  decoder  are  designed  on  CPLD  FLEX  lOK  that  provides  modifications 
of  data  processing  algorithms  during  operation. 

During  several  days  a  SNASSIR  is  capable  to  operate  in  an  autonomous  regime  with 
providing  the  data  storing  in  the  RAJD  disk  array  and  also  archiving  on  a  streamer.  On 
demand,  the  data  delivered  to  a  workstation  for  its  further  processing  or  for  use  in  a  GIS. 

An  image  browsing  and  its  primary  processing  are  executed  on  a  graphic  workstation 
(see  figure  I).  The  software  for  browsing  and  preprocessing  provides  an  export  of 
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an  image  into  the  formats  of  commonly  used  GIS.  So,  the  received  data  can  be  easily 
integrated  in  the  software  packages  used  for  processing  the  Earth  remote  sensing  (ERS) 
data,  and  in  GIS. 

Currently,  in  Russia  on-board  devices  for  spatial  compression  of  the  images,  received  by 
means  of  the  ERS,  have  been  developing.  An  on-board  compression  of  images  will 
allow  to  increase  the  volume  of  data  transmitted  to  a  ground  SMASSIR  (by  1-2  order  of 
magnitude).  To  use  the  compressed  information,  the  latter  must  be  decoded  by  an 
additional  module.  Such  a  decoder  of  compressed  data  is  planned  in  the  software  for  a 
SMASSIR  in  1.7  GHz  and  8  GHz. 

In  future,  the  ERS  satellites  will  be  equipped  with  scanning  high-resolution 
spectrometers  of  UV,  visible  and  IR  ranges.  The  information  efficiency  of  present  and 
future  satellite-to-ground"  lines  is  about  100  MBit/s.  The  use  of  new  generation 
spectrometers  will  require  the  transmission  rate  of  tens  GBit/s.  The  authors  propose  to 
provide  an  on-board  synthesis  of  multi  spectral  channels  and  also  on-board  thematic 
classification  of  the  received  multispectral  images  by  an  on-board  data  processing 
system,  Then,  the  obtained  encoded  data  can  be  transmitted  to  ground.  The  software  for 
a  SMASSIR  in  1.7  and  8  GHz  is  planned  to  be  enhanced  with  a  module  for  decoding  a 
synthesized  and  classified  image. 


Conclusion 

Advanced  small  stations  for  space  information  reception  should  be  developed  in  parallel 
with  the  development  of  space  on-board  systems  for  image  processing  (including  the 
system  for  image  compression). 

A  future  small  receiving  station  should  be  designed  on  the  basis  of  high- integrated 
circuits  technology  (CPLDs,  DSPs,  microcontrollers)  that  will  make  maintenance  and 
modernization  of  the  station  easier. 

Operational  performance  of  a  SMASSIR  can  be  also  improved  if  uncommon 
developments  on  antenna  system  design  are  used  such  as  the  ferroelectrical  antenna  and 
phased  antenna  array  techniques. 
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FEPMAHCKMH  IJ;EHTP  ynPABJIEHH^  nOJlETOM. 
HEKOTOPblE  nPHPmnnbl  EEO  nOCTPOEHHH 


n.IlHOTpOBCKHH  (GSOC,  EepMaHHH), 
B.H.rioHyKaeB  (IJ,yTl-M  LtHHHMAIII,  Pocchh) 


^oKjia^  nocBBmeH  paccMOTpeHHio  HeKoxopHX  npHHD;HnoB,  KOTopbie 
6buin  nojioxceHbi  b  ocHOBy  nocTpoeHHH  EepMaHCKoro  I^eHTpa  ynpaBJieHHH 
KOCMHHeCKHM  HOJICTOM  (GSOC). 

GSOC  6bui  co3^[aH  b  1968  ro^y  ynpaBneHHH  hjih  yqacxPM  b 

ynpaBJieHHH  KocMHHecKHMH  nporpaMMaMH,  BbinojiKaeMbiMH  EepMaHHeii 
HJIH  COBM6CXHO  c  EepMaHHeH.  3a  ^epHOJ^  cBoero  c;/n];ecxBOBaHHM  GSOC 
npHHHMaji  ynacxHe  6ojiee  mcm  b  ^ecHXH  kocmhhcckhx  npoeKxax. 

3a  BpeMB  cBoero  cymecxBOBaHHH  GSOC  npoiiieji  necKOjibKo  axanoB 
MoaepHHsaiiHH,  Kaacflan  H3  Koxopbix  yBejiHHHBajia  bo3mojkhocxh  peHXpa,  ho 
He  Menajia  npHHiiHHOB,  Koxopwe  6biJiH  nonoxcenw  b  ocHOBy  nocxpoemia 
GSOC.  3x0  flOKa3ajio  34)(i)eKXHBH0cxb  h  paHHonajibHOCXb  axHX  npHHUHHOB. 

npeaiiaraeMbiH  BaineMy  BHHMaHHio  flOKJiaa  nocBamen  H3jioxceHHK) 
HeKoxopbix  H3  oxEC*!:  npHHHHHOB.  IlpH  H3JioxceHHH  MaxepHajia  HCnOJIbXyeXCH 
xepMHHOjioraa  h  noflxoflbi,  ocHOBaHHwe  na  6a3e  xeopHH  ynpaBjieHHB 
cjiojKHbix  npoHeccoB,  paapaSoxaHHbix  b  IJ,yn-M  L(HHHMAIII. 

1.  EjiaBHaa  vnpaBJigiomaa  cxpVKXVpa 

JI1060H  UjeHip  ynpaBJieHHH  nojiexoM  -  axo  cneHHajiH3HpoBaHHoe 
npejiHpHHXHe,  npoHBBOflHmee  ocobyio  npouyKaHito  -  ynpaBjiHiomyio 
HH<J)opMaHHio,  Koxopan,  b  KOHennoM  cnexe,  nona,naex  na  6opx  KA  h 
oSecneHHBaex  ero  iJiyHKHHOHHpoBaHHe  b  cooxBexcxBHH  c  BoajioxceHHWMH  na 
Hero  aaflanaMH.  3xa  ynpaBjiHiomaH  HH^iopMaiiHH  HBJinexca  peayjibxaxoM 
neHCXBHH  HeKoxopoH  cHcxcMbi,  4>yHKHHOHHpyiomeH  B  l^yTIe.  HaaoBeM  ee 
rjiaBHOH  ynpaBJiHiomeH  cxpyKxypoH  (EYC).  Ona  He  HMeex 
o6menpH3HaHHoro  HaaBaHHH  h  b  aaBHCHMOcxH  ox  llYTIa  h  ox  cxpaHW,  rae 
OH  co3aaH,  Moxcex  HaabiBaxbCH  no-pa3HOMy.  B  nacxHocxH  b  Pocchh  ona 
Ha3biBaexcH  EOEY  (raaBHan  onepaxHBHan  rpynnbi  ynpaBJieHHH).  B  cBoen 
pa6oxe  EYC  Hcnoabayex  xexHHnecKHe,  MaxeMaxHnecKHe  cpeacxBa 
naxoanmnecH  b  LtYEIe,  a  xaicace  Hcnoabayex  nepconaa  IJ,YEIa.  K 
xexHHHecKHM  cpeacxBaM  oxhochxch:  aaaw  ynpaBJieHHH  c  yHHBepcaabHbiMH 
paSoHHMH  MecxaMH  (YT'M),  cpeacxBa  oxobpaxceHHH  HH(J)opMaLi;HH,  cpeacxBa 
CBH3H  Bcex  BHaoB,  xcpMHHaabHbie  ycxpoHcxBa,  BbiHHcaHxeabHaH  cexb.  K 
MaxeMaxmiecKHM  cpeacxBaM  oxhochxch  nporpaMMHoe  oGecneneHHe, 
peajiH30BaHHoe  na  BbWHcaHxeabHOH  cexH.  EIomhmo  axoro  b  oGecneaeHHe 
BxoaHX  xexHoaorHH,  BKaronaiomaH  noaoxcenne  no  BxaHMoaeHcxBHio  Bcex 
aacMenxoB  EYC,  aoaxcHocxHbie  HHCxpyunHH  Bcex  cneanaancxoB, 
yaacxByiomHX  b  (JiyHKiiHOHHpoBaHHH  EYC.  KaxcaoMy  KA,  ynpaBaeHHe 
Koxoporo  ocymecxBanexcH  H3  HYQa,  cooxBexcxByex  cboh  EYC.  Ecan  h3 
LIYEla  oaHOBpeMCHHO  ynpaBanexcH  necKoabKO  KA,  xo  b  IJ,YEIe  cymecxByex 


oflHOBpeMeHHO  HecKOJibKO  rye.  3th  rye,  6yAy^H  peajiHaoBaew  b  o^i;hom 
l^yTle,  Moryr  nepeceKaTbCH  no  cpe^cTBaM  Ll,yna.  Mo»aio  cHHTaxb,  hto 
Ltyn  ecTb  He  HTO  HHoe,  KaK  epe^a  cymecxBOBaHHH  rye.  IJ,yn 
oGecne^HBaex  cjieziyiomHe  BosMoacHoexM:  coaaaex  rye  (nopoxQn,aex  rye), 
o6ecneHHBaex,  noTOepacHsaex  ee  4>yHKu;HOHHpoBaHHe  h,  no  OKOfTxaHHH 
paGoxbi  rye,  aeMOHXHpyex  ee. 

06jIHK  H  B03M0JKH0CXW  rye  OnpeflejIHIOXCH  XHnOM  KA,  XPIH 
ynpaBjieHHH  KoxopbiM  oh  cosj^an,  h  no3XOMy  KOjiBBiecxBeHHo  rye  .zvib 
paajiHHHbix  KA  Moryx  cymecxBeHHo  pasjiH^axbCH.  O^HaKO  cxpyKxypHO  ohh 
no  cymecxBy  o/iHHaKOBbi,  xoxii  cxenenb  pasBHXHB  sjieMenxoB  rye  /ijia 
paajnniHbix  KA  Moxcex  6bixb  cymecTBCHHO  paajiHHHOH,, 

TaKHM  o6pa30M,  xapaKxepHcxHKa  lj,yna,  Kax  cpeAW,  nopoxcaaioineH 
rye,  onpeaejmexca  cpoxaMH  h  cxoHMOcxbio  co3.iiaHHeM  rye  KajK^oro 
KA,  a  xaKxce  cxoHMOcxbio  noflflepxcKH  ^JyHKHHOHHpoBaHHH  H  oSecneneHEW 
nopojKxteHHoro  rye. 

S^ecb  Heo6xoz^HMO  oxMexHXb,  ^ixo  rye  He  ecxb  IJ,yr[,  Aajxe  ecjiH 
rryn  coa^^an  xojibKo  fljw  oGecneqeHHH  ynpaBjieHHH  o^Horo  KA.  Ilpocxo  b 
3XOM  cjiynae  cpamuBanne  mhoxhx  sjieMeHXOB  rye  n  UyTla.  B 

aaBHCHMocxH  ox  THnoB  KA,  flJiH  ynpaBJieHHH  KOXopbiMH  co3flaH  Uyn, 
MHoxcecxBa  rye,  KOTOpbie  nopo^Kaaex  Uyil,  b  xoh  hjih  hhoh  cxeneHH 
oxjiHHaioxcH  flpyr  ox  flpyra.  Oo  axoMy  npHanaxy  moxcho  ocymecxBjiaxb 
KJiaccH4)HKanHK>  LtyiloB.  B  3XOH  KjiaccH4)HKanHH  Ha  HanSojiee  bmcokoh 
cxyneHH  exoax  xe  I^yilbi,  Koxopwx  xnn  ynpaBjiaeMoro  KA  jih6o 

Boo6ii];e  aapanee  He  onpe^tejieH,  jih6o  xce  onpeaejicH  He  coBceM  exporo. 
HMeHHO  K  xaKOMy  xnny  oxHociixbca  GSOe.  Oh  coaflan  jijin  ynpaBJieHHa 
BceMH  KA,  co3flaBaeMbiMH  repManneH  hjih  c  ee  yxacxHeM.  TeM  He  Menee, 
KaK  noKaaajia  npaKXHKa  cbyHKHHOHHpoBaHHa  GSOe  aa  xpHzmaxHJiexHHH 
nepHoji  CBoero  cymecxBOBaHna,  Moryx  6bixb  c(j[)opMHpoBaHbi  ipm 
npHHnHnoB,  peajiHaamiH  Koxopbix  .n,ejiaex  pa6oxy  H,yna  flocxaxoHHo 
3(i)(J)eKXHBHOH  JiaXCe  H  B  3XHX  yCJIOBHHX.  PaCCMOXpHM  HX. 

2.  OcHOBHbie  npHHTmnbT  noexpoeHHa  GSOe 

B  cooxBexcxBHH  c  4)opMOH  cymecxBOBaHHa  rye  ero 

nopoxcjieHHa  xpeSyexca  peiUHXb  cjiejiyioniHe  npoSjieMbi: 

-coaaaxb  ycjiOBHH  jijifi  paSoxbi  cnennajiHcxoB,  Bxoflamnx  b  ryG; 

-peniHXb  npoSjieMy  oprannaanHio  cbh3H  Bcex  bh^ob,  HcnojibayeMOH 
npH  ynpaBjieHHH  nojiexoM; 

-co3ji,axb  BbiHHCjiHxejibHyio  cexb  xpe6yeMbix  BoaMoxoioexen  /uia 
peineHHa  Bcex  aa^an,  HcnojibayeMbix  AJia  ynpaBAenna; 

-opraHHaoBaxb  AByxcxopOHHHH  HHcJjopMapHOHHbiH  o6MeH  Mexcjiy 

rye  h  ka; 

-pa3pa6oxaTb  nporpaMMHoe  o6ecneaeHHe  zpia  BbiHHCAHxeabHOH 

eexH. 


KpoMe  nepeaHcaeHHoro,  xpeSyexca  xaKxce  Hajinane  HCKoxoporo 
KOAHaecxBa  cnenHajiHcxoB-ynpaB.aeHHeB  HeoSxoAHMoii  KBajiH(i)HKanHH, 


oG'bejiHHeHHfcix  B  paMKax  onpeaejieHHOH  opraHnaauHOHHOH  cTpyKTypbi. 
3tot  Bonpoc  HMeer  caMOCTOHxejibHoe  sHaqeHHe  h  sfleci.  oh  o6cy»caaTbca  He 
6yfleT.  npocTO  6yfleM  npeflnojiaraTb,  hto  nozi;o6Hbie  cneLiHajiHCTbi  HyxcHoro 
KanecTBa  h  KOjuiqecTBa  ecTb. 

CymecTByeT  HecKOJibKO  iiyreH  BoccosflaHHH  rVC.  CaMwii  npocxoH  - 
3X0  fljiB  Kaxifloro  FYC,  nopox(7i;eHHoro  b  IJ^yne,  coa^aioxca  c  Hyjia  cboh 
caMocxoHxejibHbie  cpeflcxBa.  Ho  xaKOH  nyxb  Kpanne  He  paD;HOHajieH.  Bo- 
nepBbix,  OH  xpeSyex  oneHb  fljiHxejibHoro  cpoKa  cosflaHHH  FYC.  Bo-Bxopbix, 
OH  xpe6yex  6ojibinHX  MaxepnajibHbix  aaxpax  h  xnaHHxejibHbix  ^HHaHcoBbix 
BJIOXeHHH. 

JlpyroH,  Gojiee  pauHOHajibHbiH  nyxb  -  3XO  coaflanne  neKoxopoH 
yHHBepcajibHOH  cpeflw,  HacxpaHBaeMOH  na  xoHKpexHwe  noxpeSnocxH  b 
aasHCHMOcxH  ox  xoro,  KaKoro  xnna  KA  ynpaartflexcB  H3  HYHa. 
FIpHHmiHHajibHo  B03Moxceo  co3flaxb  xaKyio  cpe/iy,  ho  ona,  BO-nepBHX, 
noxpeSyex  onenb  6ojibinHX  na^ajibHWX  BJioxceHHH,  a,  BO-BXopbix,  Moxcex 
oKaaaxbCH  xaKOH,  hxo  MHorae  bo3moxchocxh  HYTIa  He  6y/iyx 
Bocxpe6oBaHbi,  hxo,  ecxecxBenno,  xaKXce  Kpanne  HepapHOHajibHo,  xaK  kbk 
npHBe^ex,  b  KoneqnoM  BHji;e,  k  neonpaBflaHHbiM  HanajibHWM  aaxpaxaM. 

rioaxoMy  6ojiee  panHOHajieH  KOMGHHHpoBaHHbiH  no^xoA,  npH 
KoxopoM  yHHBepcajibHaa  cpe^a  HYTIa  4>opMHpyexcH  jum  xex  sjieMCHXOB 
FYC,  Koxopwe  aBJiaioxca  o6iij;hmh  ajih  bccx  KA,  jijin  Koxopbix  co3B;aexcH 
HYTI,  h  Koxopbie  c  noMombio  cneHnajibHOH  h  cpaBHHxejibHO  necjioxcHOH 
HacxpoHKH  Moryi'  HBJiaxbca  ajieMenxaMH  FYC  pjifi  KOHKpexHoro  KA, 
ynpaBjiHeMoro  h3  flaHHoro  HYTIa.  Phb,  xce  ajieMenxoB  FYC  coa^aioxcB 
HOjTHOcxbK),  ecxecxBeHHO,  c  npHMeHCHHeM  xex  BosMoxcHocxen,  Koxopbie 
npe/iocxaBjiHex  IXYII.  3xo,  KaK  npaBUJio,  xacaexcH  xex  sjieMenxoB,  Koxopbie 
CBHaaHbl  C  HHAHBUnyajIbHblMH  OCoSeHHOCXHMH  KA. 

OflHHM  H3  XJiaBHWX  HpHHIIHHOB  GSOC  KBK  pa3  H  COCXOHX  B 
paayMHOM  conexaHHH  yHHBepcajibHOH  HacxpaHBaeMOH  cpenbi  h 
HHUHBHByajibHbix  nopaSoxoK  no  Kax^aoMy  KA,  xapaKxepHbix  xojibKo  Afia 
naHHoro  o6beKxa. 

KpaxKO  paccMoxpiiM  b  Hanajie,  nxo  oxhochxcx  k  yHHBepcajibHOH 
HacxpaHBaeMOH  cpe^e  GSOC. 

K  3XOH  rp;/nne  cpencxB  oxhochxch: 

-  annapaxHo-nporpaMMHbie  cpe^cxBa, 

-  CpeflCXBa  CBH3H  BCeX  BHflOB; 

-  paGoHHe  HOMemeHHH  c  pa6onHMH  kohcojihmh  h  cpe/];cxBaMH 
KOjixeKXHBHoro  oxoSpaxceHHH; 

BXOjiHbie  H  BbixonHbie  Kanajibi  c  cooxsexcxByiomeH 
annapaxypoH. 

Bee  3XH  CpeflCXBa  oGjia^aiOX  B03M0XCH0CXbK)  KOH^jHiypHpOBaHHH,  B 
peayjibxaxe  nero  b  paMKax  yKaaaHHOH  coBOKynnoexH  cpeji;cxB  oGpaayioxcH 
3jieMeHXbi,  pa6oxaiomHe  yxce  xojibko  na  KOHKpexHbiH  oG-beKX. 

MomHoexH  flaHHbix  cpeacxB  Bbi6paHbi  c  xaKHM  pacnexoM,  nxo6bi 
npenocxaBjnuiacb  bobmoxchocxb  co3flaBaxb  KOH4)HrypaiiHH  3xhx  cpeflcxB 
ojiHOBpeMeHHo  ana  HecKOJibKHX  KA. 


JXJia  KOHxpojia  3a  (][)yHKij;HOHHpoBaHHeM  Ka»y:i;oH  h3  KOH4)HrypaLi,HH 
B  GSOC  co3flaHa  cnepHajibHaa  cHcxeMa  MOHHTopHHra  xexHEraecKHX 
cpeacxB  H  JiHHHH  CB5I3H  H  ynpaBJicHH^i  pecypcaMH.  BaxoHeftmee  XHaMCHHe 
npH  KOHCxpynpoBaHHH  BBiHHCJiHxejibHOH  cexH  H  66  npoxpaMMHoro 
o6ecn6M6HHH  HM6JIH  xp66oBaHH«,  Bi>ipa6oxaHHbi6  B  GSOC.  KpaXKO  HX  cyxb 
cocxoHX  B  cjiea3wmeM;  oahh  npoH3BOXi;Hxejib,  flepeHxpajiHxoBaHHbiH 
noflxoB:,  flocxaxoqHaH  Ha^excHocxb,  B03MO>KHocxb  npoH3BOOTTeji5i 
oGecne^HBaxb  BHyTp6HHH6  c6xeBbi6  KOMMyxapHH,  Hcnojib30BaHHe  o^hoxo 
H3biKa  nporpaMMHpoBaxiiia  BbicoKoro  ypoBHH,  B03M0:acH0cxb  HcnojibxoBaHHfl 
C6X6BOXO  o6ecn6^[eHHM  Bbicm6ro  nopH^Ka,  H6  HcnojibxoBaHHe  aabiKa 
AcceM6jI6p  (KpOMe  CHCXeMHbIX  ^iyHKPHH). 

K  BjieMeHxaM  TVC,  bhobb  co3^[aBa6MbiM  fljia  Kax<aoro  KOHKpexHoro 
KA,  OXHOCMXCH,  B  OCHOBHOM,  CneiJHajIbHOe  np0rpaMMH06  o66Cn6M6HHe, 
BKXK)HaiOm66: 

”  flopaSoxKy  KOMOjieKca  xejieMexpHHecKOH  o6pa6oxKii; 

-  KOMnjI6KCbI  aHajIH3a  COCXOHHHH  SopXOBblX  CJHCX6M; 

-  KOMIUI6KC  paCHexa  >^paBJI6HHa  flBIOK6HH6M  KA  (6CJTH  ecxb 
cneBH4)HKa  b  H6m)  h  KOMnji6KC  iijiaHHpoBaHiw  nojiexa  b  MacxH  xex 
cneuH4)HHecKHX  on6paiJ[HH,  Koxopbi6  BbinojiHMK)xcH  Ha  KA. 

BbiBoabi. 

Pa3fl6JieHH6  cp6B:cxB  HYTIa  na  yHHBepcajiBHbie  cpeflcxBa, 
KOH(J)HrypHpyeMbie  cpeflcxBa  h  bhobb  co3flaBaeMBi6  juin  Kaxcfloro  KA 
CpeflCXBa  HBJiaeXCB  3(|)(i)eKXHBHBIM  npHHHHHOM  n0CXp06HH5I  IJ,yna. 
IlpaBHJlbHOe  COOTHOineHH6  M6»C3y  n6pBOH  H  BXOpOH  rpynnOH  Cp6B;CXB 
no3BOJi5i6X  coHexaxb  cyipecxBeHHoe  coKpaiii:eHH6  cpoKOB  ho^foxobkh  FVC 
ZUiB  HpHHHMaeMOH  Ha  o6cjiyxcHBaHHe  c  3KOHomh6H  3axpax  Ha  hx  co3flaHHe. 


A3poTepMo6ajiJi]acTm[ecKoe  <JopMHpoBaHHe  BoaBpamaeMoro  na 
3eMJiio  nHjioTHpyeMoro  KocMinecKoro  annapaia  MapcHancKoro 

SKcneflHiXHOHHoro  KOMiuieKca 


HBaHOB  H.M.,  KasaKOB  M.H.,  PyMWHCKHH  A.H.,  CoSojicbckhm  B.T. 

IlHHHMAin 

AHHOTAI^H>I 

B  flOKJiafle  npeflcxaBjicHbi  MaTepnajiH  no  4)opMHpoBaHmo 
nepcneKTHBHoro  BosBpamaeMoro  na  Scmjik)  njuioTHpyeMoro  KocMnnecKoro 
annapaxa  (KA),  Bxoflamero  b  cocxaB  MapcnaHCKoro  sKcne^HnnoHMoro 
KOMiuieKca.  npHBOAaTCB  6a30Bbie  nojioxccHHH  pa3pa6oTaHHOH  MexoanKH 
aapoxepMoSajiJiHcxHHecKoro  4^opMHpOBaHH}i  nepcneKXHBHoro  6ecKpbuioro 
cnycKaeMoro  KA  ^nanaaona  rHnep6ojin?xecKHX  cKopocxen  Bxofla 

annapaxa  b  axMoc4)epy  SeMjin.  ^aioxca  peayjiKraxbi  cpaBHHxejibHoro 
xeroioBCCOBoro  anajinaa  xpex  nepcneKXHBHbix  SecKpbuibix  BoaspamaeMbix 
KA  B  flnanaaoHe  cKopocxen  Bxofla  Vo  =  13-17  km/c  ,  b  /^nanaaoHe 
npo;iojibHbix  aajibHOCxen  =  3000-5000  km  {  npH  oOecneneniiH 
xonnocxH  noca^KEL  |  AL^  |  <  1  km  ),  npn  BbinojineHHH  xeMnepaxypnoro 
orpaHHHeHHa  b  xapaKxepnoH  xo^Ke  na  HaBexjjeHHon  noBepXHOcxn 
cnycKaeMoro  KA,  a  xaKxce  npn  oGexnenenHH  aonycxHMoro  neperpyaonnoro 
pexcHMa  wiH  3KHna}Ka  KopaOjia  (c  yqexoM  4>aKxopa  "nepeHocHMOcxn" 
neperpyaoK  aexpeHHpOBaHHWM  opraHnaMOM  KOCMonaBxa). 

BBEAEHHE 

3a  nocjie;];HHe  roflw  bhobb  nojiyqnjio  paaBHxne  oflHO  na  BajKHenniHX 
HanpaBJieHHH  coBpeMeHHon  KocMonaBXHKH  -  HanpasjieHHe  MexcnjianexHbix 
MapcHancKHX  3Kcnezi:HHHH  c  BoaBpameHHeM  na  3eMJiio.  AKxyajibHocxb 
aaHHoro  HanpaBjieHPM  CBaaana,  b  nepsyio  oqepe^lb,  c  oObHBJieHHOH 
IlporpaMMOH  HccjceflOBaHHH  Maipca  na  nepHOfl  flo  2015  r.  c  noMoinbio 
asxoMaxHHecKHX  n  nnjioxnpyeMbix  KocMEraecKHX  annapaxoB. 

B  60-e  ro^ibi  na  HanajibHOM  ("poMaHXHHecKOM")  sxane  paaBHXHH 
nnjioxHpyeMOH  KocMonaBXHKH  yKaxannoe  HanpaBnenne  paaBHBaxocb 
aocxaxoqno  anxencHBHo  [6-10,17,18],  ho  aaxeM  b  cHjiy  paajinqHbix 

nOJIHXHKO-3KOHOMHHeCKHX  H  paKeXHO-KOCMHHeCKHX  npmHH  npOBOflHMbie 
nporpaMMbi  HccjieflOBaHHii  h  paapaOoxoK  ObuiH  "cBepHyxw”. 
IlpoBe^ieHHbie  b  xe  roflbi  KOMiuieKCHbie  Hccjie^IOBaHHH  no  bcbm 
BaxcneniunM  HanpaB.xeHHHM  npoOjieMbi  peajiH3au,HM  MexauiaHexHon 
MapcnancKOH  3Kcnezi;Hn:HH  c  BoanpamenneM  na  3eMjno  npHBejin  k 
noBy^cHHio  BaacHeninnx  c[)yHflaMeHxajibHbix  npnKjiaflHon 

KocMOHaBXHKH)  peay^bxaxoB,  He  noxepaBinnx  cBoen  aHaMHMocxn  n  b 
HacxoHinee  BpeMH. 

Bbuio  ycxanoBJicHo,  nxo  ana  oc5aH6CXBJieHiiH  "aaxBaxa"  annapaxa 
axMoc(J)epoH  3emH,  a  xaicace  jvm  oOecneqeHHa  flonycxHMbix 
B.CoOojieBCKHH 


TeMnepaxypHoro  h  neperpyaoqHoro  pexcHMOB  Ha  xpaeKTopHH  chiocchuh 
cnycKaeMoro  KA  BamiefimeH  npoeKXHo-SajuiHCTHHecKOH  aaflanen 
aBJiaexcH  aa^iana  Haxo:acfleHHH  MHHHMajibHo-Heo6xoOTMoro  pacnojiaraeMoro 
aapo^iHHaMHraecKoro  KanecxBa  (Kp)^i„  jvik  Hccjie/iyeMoro  cnycKaeMoro 
annapaxa  (CA)  jiio6oh  paccMaxpiHBacMOH  KOH4)Hrypai;HH.  B  peayjibxaxe 
npoBezieHHbix  HccjieflOBaHHH  onpe;[],ejieHo,  hto  ^R!^  nepcneKXHBHbix 
6ecKpbuibix  CA  HeoSxoflHMO  o6ecneHHXb  (Kp)tnin  >  0.4  [6j.  yKaaaHHbra 
peayjibxax  npHBeji  k  hcoOxoahmocxh  paccMOxpeHPM  nepcneKXHBHbix 
cnycKaeMbix  annapaxoB  HexpaannHOHHbix  (juia  xoro  nepnona  pasBHXHH 
KocMOHaBXHKH)  KOH4)Hrypaij,HH  -  annapaxoB  KJiacca  "KOHHnecKHH  cexMeHx" 
[5,10,18],  annapaxa  OHKOHHnecKOH  KOH^inrypannH  [18],  annapaxa 
cexMeHxajibHo-KOHHHecKOH  KOHujiHrypanHH  [10]  (oxjihhhoxo  no 

reoMexpHHecKHM  nponopnHHM  ox  xpaaHnHOHHoro  CA  KK  "Coios"), 
cnycKaeMoro  annapaxa  ’Apollo"  [18]  h  mhoxhx  flpyxHX  annapaxoB 
OpHTHHaJIbHblX  KOH(J)H17pan,HH. 

K  HHCjiy  BaxcHenmHX  HcxoflHWX  napaMexpOB,  xapaKxepHsyiomHX 
BsaHMHoe  nojioxceHHe  xpe6yeMoro  paHona  noca^KH  BoaBpamaeMoro  KA  h 
(jiasoBoro  MecxonojiojKeHHH  annapaxa  npH  Bxofle  b  axMociJiepy  (hjih 
OaaoBbix  napaMexpOB  no;p[exHOH  ranepSojibi),  oxhochxch  npoziojibnaa 
ZiajibHocxb  Lk  axMoc^epHoro  ynacxxa  cHroKenna  annapaxa.  Bbuio 
ycxaHOBjieHO,  nxo  npn  npoMSBOjibHOM  aaaaHHH  flajibHocxH  Lj,  npaMaa 
nocaflKa  annapaxa  b  xpeOyeMOM  panone  SeMJiH  (Sea  Bbuiexa  BoaBpamaeMoro 
KA  3a  npeaejibi  axMociJiepbi)  MOiKex  6bixb  He  oSecneneHa.  B  peayjibxaxe, 
AJia  o6ecneHeHH5£  npHMOH  nocaziKH  B03BpainaeMoro  KA  Ha  xeppHxopHH 
CCCP  (Ha  uinpoxe  cp^.  =  50°  ceB.iunp.)  paccMaxpHBajica  ananaaoH 
npoaojibHbix  ziaifbHocxeH  =  3000-5000  km  ,  a  BaxcHeniiiHM 

nojiyneHHbiM  peayjibxaxoM  HBjiaexca  ciieayromiiH  peayjibxax  [7,10]  - 
HeoOxoflHMbiM  ycjioBHeM  ocymecxBJieHHa  npHMOH  noca;i;KH  BoaBpainaeMoro 
KA  B  xpeOyeMOM  paftone  xeppHxopHH  CCCP  (na  lUHpoxe  =  50° 
ceB.iuHp.)  HBaHexca  BbinojiHeHHe  xpeOoBaHHa  nenoao^mxejibHocxH 
HanajibHoro  yrjia  cKJiOHeHHH  na  OecKonenHocxH  <  0  (pHC.l),  npHaeM 
yroji  6oo  xapaKxepHayex  nojiosKeHne  acHMnxoxw  no^niexHOH  ranepGojibi 
KOCMHHecKoro  annapaxa. 

ripH  HeOjiaronpHHXHOM  conexaHHH  hcxo^mx  napaMexpoB  V«,  h  6oo 
(npexgie  Bcero,  b  oOjiacxH  aHaneHHH  5oo  >  0  )  ocymecxBjieHHe  npaMOH 
nocauKH  B03BpainaeMoro  K/c  He  Bceraa  bo3moxho  h  nooxoMy 
HeoSxop^HMo  npHHHMaxb  BO  BHHMaHHe  ajibxepHaxHBHbiH  cnoco6 
opOHxajibHyK)  nocaflKy  (c  npep;BapHxejibHbiM  Bbixo^oM  KA  Ha  opOnxy 
HCKyccxBeHHoro  cnyxHHKa  SeMnn). 

OcymecxBjieHHe  SeaonacHOH  nocaflKH  nHJioxHpycMoro  BosBpainaeMoro 
KA  xpeOyex  yqexa  h  pemenna  Ba^KHeHuien  aa^ann  no  oOecneaennio 
^onycTHMoro  neperpyaoHHoro  pe>fCHMa  OKHnaxca  KopaOjia,  axo  cBaaano, 
B  nepsyio  oaepeflb,  c  yaexoM  flonycxHMOH  flJiHxejibHocxn  BoaflencxBna  (b 
nponecce  xopMoxeHHa  annapaxa  b  axMociJiepe)  6ojibniHX  neperpyaoK  na 
nexpeHHpoBaHHbiH  oprannaM  KocMonaBxa  [17].  PemeHHe  yKaaannoH 
aaziaHH  "nepeHocHMocxn"  neperpyaoK  (bwhogjiubocxh  KOCMonaBxa  k 
AeHcxBHK)  neperpyaoK)  6biJio  (JiopMajiHaoBano  c  noMoiUbio 

B.CoOoJieBCKHH 


aHajiHTHqecKoro  cooTHOiueHKLH  [9],  yHHTbiBaiomero  HHTerpaiiLHoe 
B03/ieHCTBHe  neperpyaoK  b  npopecce  TopMO>KeHHH  KA  b 
aTMoc(j)epe  h  no3BOjiaiomero  CHHTesHpoBaxb  xpeGyeMyio  xpaepcropHio 
cHH>KeHPia  H  3aKOH  ynpaBjicHHH  KA  c  ixejibio  6e3ycjioBHoro  BbinojiHeHHH 
KOHe’^Horo  ycjTOBiw  no  "nepeHocHMocxn"  neperpy30K:  <  0. 

Hcnojib30BaHHe  flanHoro  Kpnxepna  nosBOjimio  o6ecneHHXb  6ajiJiHcxnHecKoe 
pemeHHe  6e3onacHOH  noca;i;KH  BOSBpamaeMoro  KA  b  xpeSyeMOM  panone 
na  xeppHXopnn  CCCP  [10]. 

Heo6xoflHMO  oxMexHXb,  hxo  BbiOop  4>opMbi  (KOH4)Hrypai];HH) 
nepcneKXHBHoro  BOSBpamaeMoro  KA  cnHxajicii  b  xox  nepnofl  o^hoh  H3 
BaxcHenuinx  3a/iiaq  npoeKTHpoBaima,  nocKOJibKy  cyMMapnaii  noTpeOnaa 
Macca  xennoaamnxHoro  noKpbixHH  (TSH)  cnycKaeMoro  annapaxa 
oneHHBanacb  BejiiWHHon  «40%  ox  oSmeH  Maccw  B03BpamaeMoro  KA. 
IlooTOMy  npH  BbiGope  c|)OpMbi  nepcneKXHBHoro  cnycKaeMoro  KA  b  Kanecxee 
rjiaBHOH  nejieBOH  saflaHH  cxoHJia  3a;];ana  MHHHMHaanHH  cyMMapHOH 
noxpeOHOH  Maccbi  T3n  annapaxa  (npn  BbinojineHHH  Bcex  xpeOyeMbix 
orpaHHHeHHH  h  ycjiOBHH  nocaflKH  b  3aB:aHHOM  paiioHe)  [10,14]. 

BASOBBIE  n0J10}KEHHH  METO^HKH 
A3POTEPMOBAJlJIHCTHHECKOrO  OOPMHPOBAHHB 
BECKPBmoro  cnycKAEMoro  ka 

B  Hacxonmee  BpeMa  BaxcHenmeH  aaflaneH  nHjioxHpyeMOH 
KocMonaBXHKH  HBjiaexcH  aaflana  oSecneneHHH  xohhoh  noca^ziKH 
nepcneKXHBHoro  cnycKaeMoro  KA  b  jiioOom  aa^aHHOM  panone 
noBepxHocxH  hjih  aKsaxopHH  Scmjih  -  oOecnenenne  bmcokoxohhoh 
nocaflKH  (b  npeB;ejiax  Kpyra  B;HaMeTpoM  1  km)  annapaxoB,  BoaBpamaeMbix 
c  opOHXbi  HC3  [1];  oOecneneHHe  xohhoh  nocaziKH  MexouiaHexHbix  KA  b 
aajiaHHOM  panone  3eMJiH  hjih  flpyroH  HccjiejiyeMOH  imaHexbi  (nanpHMep, 
Mapca)  [3]. 

B  nejiHX  AocxHxceHHH  yjiaHHoro  (b  xexHEraecKOM  h  skohomhko- 
cxoHMocxHOM  OTHOiJieHHHx)  npoeKXHO-KOHcxpyKTopcKoxo  pemeHEBi,  a 
xaKxce  juw  oOecneneHHH  6bicxporo  (onepaxHBHoro)  coaaaHHH 

nepcneKXHBHoro  BoxBpamaeMoro  JCA  jiioOoh  KOHiJinrypannH 

HeoOxoflHMO  Ha  nanajibHOM  arane  npejiacKHanoro  npoeKXHpoBaHHH 
annapaxa  (JiopMHposaxb  BaaHMOcorjiacoBaHHwe  h  xexHHnecKH 
peajiHxyeMbie  npoeKXHO-reoMexpmecKHe,  npoeKXHo-OajuiHcxEraecKHe  h 
aapoxepMOflHHaMHHecKHe  napaMexpw  coajiaBaeMoro  cnycKaeMoro 
(B03BpamaeMoro)  KA  [1-4|.  VKaaaHHbiH  nojpiofl  k  KOMnjieKCHOMy 
npoeKXHpoBaHHK)  nepcneKXHBHoro  annapaxa  rapanxHpyex  4)OpMHpoBaHHe 
HenpoxHBOpeHHBbix  peajiHayeMbix  xaKXHKo-xexHHnecKHX  xapaKxepHcxHK 
cnycKaeMoro  KA  h  oOecnenHBaex  ycneiuHoe  npoBejieHHe  nocjiejiyioinHX 
jiexajibHbix  npoeKXHo-KOHcxpyKxopcKHX  npopaOoxoK. 

AapoxepMoSajuiHCXH^iecKoe  npoeKXHpoBaHHe  nepcneKXHBHoro 
cnycKaeMoro  KocMHnecKoro  annapaxa  ecxb  (JiopMHpoBanne 
BaaHMOcorjiacoBaHHbix  SaaoBbix  npoeKXHo-SajuiHCXHHecKHX, 

aapoxepMoaHHaMimecKHX  h  npoeKXHO-reoMexpnnecKHX  napaMexpoB 
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annapaxa,  peajiHayeMocTb  Koxopwx  nposepMexcii  b  npoiiecce 
GajiJiHcxHHecKoro  MoziejiHpoBaHHB  flBHXceHiw  ciiycKaeMoro  KA  Ha  Bcex 
yqacxKax  nojiexa. 

HaHajiLHbiM  3xanoM  MexoflojroxHH  6ajijTHCxiwecKoro  npoeKXHpoBaHUfl 
cnycKaeMoro  KA  aa^^aHHOH  KOH4)Hrypai]:HH  HBJiaexca  (J)opMHpoBaHHe 
GaaoBbix  Hcxo^Hbix  aanHbix  (H/1,)  ^Jl^l  npoBCfleHHH  pac^exoB  no 
Haxo)KfleHHio  pecUinayeMbix  npoeKXHo-reoMexpunecKHX  n 

aapo/iHHaMHnecKirx  napaMexpoB  npoeKxnpyeMoro  annapaxa.  K  nncjiy 
6a30Bbix  HcxoziHbix  .itaHHbix  nnjioxHpyeMoro  cnycKaeMoro  KA 
cexMeHxajibHo-KOHnnecKOH  KOH4)HrypaD;HH  (pHC.2)  oxhochxch:  nncjieHHocxb 
3KHnaxca;  napaMexpw  KOH^^HxypanHH,  xapaKTepnayiomne  reoMexpimecKHe 
nponopnnn  annapaxa  (napaivieipbi  0  c  ,  0  k  Ak)?  o6T>eM  W  (no  BHeuiHHM 
o6BOflaM  annapaxa)  nim  xapaKxepHbiH  jiHneHHbiH  pasMcp  D  cnycKacMoro 
KA;  HanajibHaa  Macca  Gq  (hjih  Macca  nojiesHoro  ipyaa  G„r) 
npoeKXHpyeMoro  CA. 

HaxoxcaeHHe  ochobhmx  reoMexpmiecBcnx  pasMepoB  npoeKXHpyeMoro 
cnycKacMOFO  annapaxa  (CA)  ocyinpcxBjiaexcH  c  noMom;bio  xaK  nasbiBaeMoro 
ypasHCHiM  KOH(|)nrypanHH  [10,11]: 

W  =  CfD^,  (1) 

rp,e  W-  oObeM  annapaxa,  m^; 

D  -  ;‘(apaKxepHbiH  jiHHeHHbiii  pasMep  annapaxa,  m; 

njiH  CA  paccMaxpHBaeMoro  Kjiacca  D  ecxb  flnaMexp 
noGoBoro  c(]}epnnecKoro  cerMeHxa  (pnc.  2); 

Cj  -  K034>4>E[nMeHX  4)OpMbI,  (JjyHKPHOHajIbHO  SaBHCHinHH 

ox  HcxoflHbix  xapaKxepHbix  napaMexpoB  KOHc^HiypannH. 

A.IL3  cnycKaeMoro  annapaxa  paccMaxpHBaeMoro  KJiacca  ypaBnenne 
KOHt])HrypanHH  HMeex  cjieziyroinHH  bh^: 


Cf 


7t 


(1 -- sin0p)(2 +  sin0p) 

v_ - OCA - ^ - k  +  B,  p2  (2  +  sin 0 v)  cosQv 

(l  +  sin0c)cos0c  tg0k  ^  ^ 


,  (2) 


rne 

Bk  =  Fk(l  +  sin0k). 

Cjieztyex  nop;nepKHyxb,  nxo  fljia  Kaxgioro  CA  aa^aHHoro 
reoMexpHHecKoro  oGjiHKa  Moryx  Gbixb  nojiynenw  cooxBexcxByiomne 
aHaJIHXHHeCKHe  COOXHOIUeHHH. 

Ha  ocHOBe  cooxHomennH  (l)-(3)  oAHoananHo  onpeAejiHKyrca  Bce 
reoMexpunecKHe  napaMexpw  paccMaxpHBaeMoro  nepcneKXHBHoro  CA,  nxo 
no3Bojwex  BbiHHCjiHXb  napaMexp  “xuiomaFib  MHaejieBoro  ceneHHa”  Sj^id 
(HeoSxoflHMbiH  ftfiii  /tajibHeHinero  (|)opMHpOBaHiiH  npoeKXHo- 
GajUTHcxHnecKHX  Z],aHHWx)  h  npoeKXHWH  napaMexp  [4, 1 1  ] 


_  4.836- 

kucn“  I  » 

Si 
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(4) 


xapaKTepHsyiomHH  cTenenfa  npoeKTHoro  coBepmencTBa  annapaxa, 
npiraeM-  Sx  b  cooxHomeHHH  (4)  ecxb  nojinaH  noBepxHocxi,  cnycKaeMoro 
KA,  BBiqHCJieHHaH  no  nanfleHHbiM  reoMcxpHHecKHM  napaMexpaM. 

Cjie/iyex  oxMexHXb,  nxo  b  cjiynae  oSaaaxejibHoro  BbinojineHim 
npoeKXHoro  ycjioBHa  no  MaKCHMajibHo-flonycxHMOMy  aHanennio  flnaMexpa 
D  (xpeGoBanne  pasMemennH  cnycKaeMoro  KA  b  oxcckc  nojiesHoro  rpyaa 
paKexbi-HocHxejia)  ncnojibaoBanHe  ypaBHenna  Kon^nrypannH  (1) 
nosBOJiHex  o^HOxnaHHO  onpeae,jiHXb  pacnojiaracMbin  o6b6M  W  annapaxa. 
KpoMe  xoro,  BbinojineHne  ^onojiHHxejibHoro  xpeSoBaniM  no 
xpancnopxupoBKe  6ojibniepa:jMepHbix  rpyaoB  (D  <  4.1  m) 

orpaHiwHBaex  Bejumnny  pacnojiaraeMoro  oSbeMa  annapaxa:  W  =  22.5 

M  . 

rjiaBHOH  oco6eHHOcxbK)  tJ)opMHpoBaHHH  pcajiMsyeMbix 

aapo/iHHaMHnecKHX  napaMexpoB  npoeKxnpycMoro  cnycKaeMoro  KA 
MBJiaexcH  naxoxcfleHHe  j^nanaaona  6ajiaHCHpoBonHbix  yrjioB  axaicn  as  b 

npe^ejiax  Koxoporo  annapax  (b  nponecce  xopMo;*:eHiia  b  axMoc4)epe) 
coxpanaex  npo^ojibnyio  cxaxmecKyio  ycxoPBiHBOcxb.  Kax  nsBecxHo, 
KpHTepneM  npo^tojibHon  cxaxuHecKon  ycxoHHHBOcxn  jiioGoro  jiexaxejibHoro 

annapaxa  aBjiHexca  BbinojiHenne  ycjioBna  <0  npn  m^t  =  0. 

da  '■ 

Kaacfloro  cnycKaeMoro  Moryx  6bixb  nocxpoenw  aaBHCHMOcxn 

Kp  =  f(mg)  H  a5  =  f(Kp,mg)  (npn  paajiiWHbix  ananennax 

Koopannaxw  nenxpa  Macc  annapaxa). 

HcnojibaoBanne  yKaaannbix  rpa(J)iiqecKHX  aaBHCHMOcxen  noaBOJiaex 
ycxanoBHXb  ne  xojibKO  peajmayeMbiH  ^inanaaoH  A  as  6ajiaHciipoBonHbix 

yrjioB  axaKH,  ho  h  ananaaoH  npe^ejibHbix  aHaneHnn  CajiancHpoBOMHoro 
aapoflHHaMHHecKoro  KaaecxBa  [2,4,5]. 

nojiyqeHHe  rpa4)HnecKHX  aaBHCHMocxen  Kp  =  f(m^)  h 

as  =  f(Kp,m5)  (pHC.3)  HBJinexcH  flocxaxoHHO  xpyfloeMKOH  n  AJiHxejibHon 

pacaexHOH  onepannen.  B  nejiHX  onepaxHBHon  (6bicxpoH)  openioi 
jiexaxejibHbix  cnocoSnocxen  hjih  jiexa6ejibHocxH  npoeKxnpyeMoro 
annapaxa  (na  flonycxnMOM  SajiancnpoBO’^iHOM  yrjie  axaicn  as)  nojiyneHbi 

HOBbie  anajiHxiwecKHe  cooxHomeHna  [11,12].  06o6iii;eHHbiH  Kpnxepnn 
jiexaSejibHocxH  cnycKaeMoro  annapaxa  oGbeanHuex  KaK  npoeicxHo- 
reoMexpHHecKHe  n  aopoziHHaMOTecKHe  napaMexpw,  xaK  n  ocHOBHwe 
npoeKXHo-SajijiHcrnnecKHe  napaMexpbi  CA  (aopo^innaMnnecKoe  KanecxBO 

C  "  S  'H 

Ks  H  SajuiHcxiriecKHH  K034)4)Hn;HeHx  =  ®cxb 

Go 

nojiyneHHan  no  peayjibxaxaM  npocKXHO-MaccoBoro  peiueHnn  HanajibnaH 
Macca  cnycKacMoro  annapaxa).  HcnojibaoBanne  o6o6meHHoro  KpHxepHa 
jiexa6ejibHocxH  [11,12]  noaBo.xnex  fljia  Kaxcaoro  6ajiaHCHpoBonHoro  yraa 
axaKH  as  nojiynnxb  KoaHHecxBeHHyio  xonenHyio  ou;eHKy  yaaanocxn 
npHHHXoro  npoeKXHoro  peineHHa  h  c(|)opMHpoBaHHbix  napamexpoB 
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nepcneKTHBHoro  CA.  OpH  BbinojiHeHHH  o6o6meHHoro  KpHiepna 
jiexaSejibHocTH  zuia  Ka>K3oro  hs  HHxepecyiomHX  yrjioB  axaKH  (b  npe^ejiax 
OTanaaoHa  A  as)  mox^ho  c  yBepeHHOcxbio  CHHxaxb,  hxo  c^opMHpoBaHHbie 
npoeKXHo-reoMexpHHecKHe  h  aapoAHHaMHHecKHe  napaMexpbi  HBJi5iK)Xca 
BaaHMOcorjiacoBaHHbiMH  h  peajiHsyeMbiMH,  a  caM  npoeKXHpyeMbiH 
cnycKaeMbiH  KA  cnocoSeH  BwnojiHHXb  xpeSyeiviyio  pejieByio  aa^i.a'xy. 

BaxcHeHniHM  axanoM  MexofloJioxHH  6ajijiHcxirxecKoro  npoeKXHpoBaHna 
nepcncKXHBHOFO  cnycKaeMoro  ;KA  hbjihcxcm  4JopMHpoBaHHe  peajiHayeMbix 
npoeKXHO-SajiJiHcxiwecKHX  riapaMexpoB  annapaxa,  noaBOjiaiomHX 
KaK  BbinojiHHXb  nocxaBjieHHyxo  pejicByio  aa^any,  xaK  h  o6ecneHHXb  b 
npopecce  cHHXceHHa  CA  b  axMoc(J)epe  yaoBjiexBopeHHe  Been  coBOKynHoexH 
orpaHiraeHHH,  npexme  Bcero,  orpaHH^eHHH,  CBaaaHHbix  c  xeMnepaxypHbiM 
H  neperpyaoHHbiM  peiKHMaMH.  BbinojiHCHHe  ;i,aHHOH  aaj],a*iH 
ocymecxBjiaexcH  c  noMombio  6aji.n[HcxHHecKoro  MOjiejTHpoBaHHa  flBKraceHHH 
cnycKaeMoro  KA,  noaBojiaiomero  OAHOBpcMeHHo  CHHxeaHpoBaxb 
peajiHaycMyio  nporpaMMy  ynpaBjieHHH  annapaxoM  h 

4)opMHpoBaxb  peanHayeMyip  xpaeKXopHio  cHHXceHHE  CA  AJia  ocymecxBJieHna 
xoaHoro  npaiiexa  b  xpe6yeMyio  reorpa(J)HHecKyK)  xoHBcy. 

B  npopecce  cHHxeaHposaHHa  peajiHayeMOH  nporpaMMbi  ynpaBjieHna 
annapaxa  n  ^^opMHpoBanHa  peiuinayeMon  xpaeKXopnn  CHHXceHna  CA 
flojixcHbi  6bixb  SeaycjioBHO  Bbinaanenw  Bce  orpaHHHenna,  cBaaaHHwe  c 
flonycxKMbiM  peacHMOM  xopMoaceniia  h  ycjiOBHHMH  4)yHKi];HOHHpoBaHHa 
annapaxa  [10,14].  Cjieflyex  yicaaaxb,  axo  cnycKacMbin  KA  GecKpbuion 
KOH4)HrypanHH  ynpaBJiaexca  b  nponecce  CHHacenna  b  axMOc4)epe  aa  cnex 
naMeneHna  yxjia  Kpena  y  (npn  axoM  annapax  “aaoxaSajinanpoBan”  na 
xpeOyeMOM  SajiaHcnpoBoaHOM  yrjie  axaKH  as  )• 

EaaoBbiMH  orpaHHaennaMH  b  ajiropnxMe  pemenna  aBjiaioxca  - 
oztHocxopoHHee  orpaHHaenne  no  MaKCHMajibHO-flonycxHMon  paBHOBecnon 

paflHanHOHHOH  xeMnepaxype  (T^)max  b  xapaKxepnon  xoaKe  na 
naBexpeHHOH  noBepxnocxH  anreapaxa  n  AByexoponnee  orpaHHaenne 
no  neperpyaxe  (nj;),nin  ^  Be  <  (ns)max-  Hpn  axoM  BBeflenne  orpaHnaenna 
no  MHHHMajibHo-flonycxHMOH  neperpyaxe  rapanxHpyex  “neBbuiex” 
cnycxacMoro  KA  aa  npeflejiw  axMoc(J)epbi  (axo  BecbMa  cymecxBenHo  npn 
/IBHXceHHH  annapaxa  b6jih3h  BepxxEen  rpaHHB[bi  xopEWOpa  Bxo^ia). 

CanxeanpoBanne  aaxona  ynpaBjieHna  y(ti)  =  y;  (b  xexymnn 
MOMenx  BpeMeHH  tj,  i=l,  ...,  n)  h  (JsopMHpoBanne  Bexxopa  coexoanna  KA 
na  3XOX  ace  momchx  BpeMenn  Oaanpyexca  na  HcnoabaoBannH  cnepnajibHoro 
6aoxa  npoxHoanpoBaHna  [10],  b  xoxopoM  “nponrpbiBaioxca”  h 
“oneHHBaroxca”  BoaMOitcHwe  BapnaHxw  xexymero  ynpaBJieHna  (c 
oOaaaxeabHbiM  xoHxpoacM  BbinoaHCHna  yxaaanHwx  Bbiine  orpaHHaennH). 
AjiropnxMHaecBCH  nporHoanpoBanne  aBHXceniia  cnycxacMoro  KA 
ocymecxBaaexca  npn  HcnoabaoBannH  Bxopon  chcxcmw  ypaBnennH 
aBPDKeHHa  annapaxa  (na  nnxepBajie  npornoanpoBaHjaa,  paBHOM  100  luaraM 
HHxerpnpoBaHHa  no  nepBon  ochobhoh  cncxeMe),  npnaeM  oSecneanBaexca 
npornoanpyeiviaa  openxa  Bcex  flonycxHMbix  anaaennH  yraa  xpena  y^  c 
nocaeayiomHM  anajinaoM  n  BbiOopoM  Hanjiyamero  anaaenna  yxaa  j*. 
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HaiizieHHoe  TaKHM  o6pa30M  aHaneHne  ynpaBjieHi'ia  (yrjia  Kpena  yj ), 
oTBeTOiomee  MHHHMajibHOMy  3Ha’^eHHio  TeMnepaTypw  (TyY)„^in  ,  saxcM 
Hcnojibsyexca  b  ochobhoh  (nepBoii)  CHcxeMe  ypaBHeHHH  flBicKeHJia  KA 
xojibKO  Ha  xeKymcM  mare  penietiHB  (ao  MOMenxa  BpeMCHH  tj+i);  aaxeM 
npoue^ypa  6wcxporo  nporH03HpoBaHii5i  h  noHCKa  hobofo  3HaHeHHa  yrJia 
Kpena  (yi+i)*  noBXopaexcH. 

CjicAyex  oxMexHXb,  mx)  fljia  noBwmeHHa  6bicxpcweHcxBiifl  onHcaHHoro 
ajiropHTMa  4>opMHpoBaHHH  3aKOHa  ynpaBjieHHH  Y(t)  h  cHHxesa  peajiHsyeMOH 
HOMHHajibHOH  xpaeKXOpHH  CHioccHHii  cnycKaeMoro  KA  ncnojibsyioxcB 
HOBbie  aHajiHTHHecKHe  cooxHomeHHB  [15,16],  npe;»(fl;e  Bcero,  b  6jioKe 
nporH03npoBaHH5i  BXopoH  cHcxeMbi  ypaBHeHHH  zi,BH»ceHHii  annapaxa. 
OxjiHHHxejTbHOH  oco6eHHocxbK)  HOBoro  Mexo^a  nporHOSHpOBaHHH 
flBHJKeHHH  cnycKaeMoro  KA  HBjiaexcH  sHaHHxejibHoe  coKpameHHe 

npoiieccopHoro  BpeMenH  pacnexoB  npn  coxpaHeHHH  xpe6yeMOH 
XOHHOCXH  pemeHHH  (b  cpaBHeHHH  c  pemeHHeM,  nojiynaeMbiM  nyxeM 
HHCjieHHoro  HHxerpHpoBaHHH  ypaBHeHHH  /tBHXceHHH  annapaxa). 


CPABHHTEJILHblH  TEnJIOBECOBOH  AHAJIH3 
BOSBPAIUAEMblX  KA  BECKPblJlblX  KOHa»HryPAU,HH 

Ha  pHC.4  npHBefleHbi  [4,5]  aKcnepHMeHxajibHbie  aaBHCHMOcxH 
aapo/nnxaMHHecKoro  KanecxBa  ox  K034)(j)HnHeHxa  jioGoBoro 

conpoxHBjieHHK  annapaxa  cerMeHxajibHO-KOHHnecKOH 

KOHcjjHrypanHH,  hxo  ySeflHxejibHO  cBHAcxejibcxByex  o  bobmoxchocxh  h/puih 
n,ejiecoo6pa3HocxH  paccMoxpeHHH  CA  ^aHHOH  KOH4)HrypanHH  b  KanecxBe 
nepcneicxHBHoro  BOBBpamaeMoro  Ha  SeMJiio  annapaxa  (  npH 

oGecneneHHH  aapoflHHaMHnecKoro  KanecxBa  Ks  >  0.4  ). 

CpaBHHBajTHCb  xpH  xHna  cnycKaeMbix  KA  GecKpbuioH  KoH(})HrypanHH, 
HaHOojiee  nojiHO  HayneHHbie  b  aapo/^HHaMHHecKOM  oxHomeHHH,  -  annapax 
c  HecymHM  jioOoBbiM  xopM03HbiM  ipHxoM  (annapax  cerMenxajibHO- 
KOHHHecKOH  (J)opMbi,  pHc.2)  H  flBa  annapaxa  c  HecymHM  KopnycoM 
(annapax  xnna  “KOHHHecicHH  cerMenx”  [10]  h  annapax  xnna  “KOHHHecKHH 
cerMeHX  c  HajicxpOHKOH”  (pHC.5),  [5]  ). 

B  KanecxBe  6a30Bbix  hcxoahmx  flaHHWx  6bmH  npHHHXw  cjieflyiomHe 
napaMexpbi:  HHCjieHHocxb  3KHnaxca  -  6  nejioBeK  (2  nHjioxa  h  4  naccaxcHpa); 
oObcm  annapaxa  W=20.2  ;  HanajibHaa  Macca  Go  annapaxa  (nepea 

BXOflOM  B  mioxHbie  cjioH  axMoc<J)epbi)  cocxaBJiaex  7.012  -  8.645  x  ,  npnneM 
MeHbmee  xHaneHHe  nanajibHOH  Maccbi  annapaxa  cooxBexcxByex 
cKopocxH  BXoz;a  13  km/c  ,  a  6o.r[bmee  xHaneHne  Maccbi  -  cKopocxH  17 
km/c  . 

Pa3pa6oxaHHaH  AJia  peraenna  yKaaaHHOH  aaflann  MexoAOHorna 
aapoxepMoOajiaHcxHaecKoro  npoeKXHposaHHa  cnycKaeMoro  KA 
yHHXbiBaex  paA  cnemi4)HHecKHX  ocoOeHHocxeH,  xapaKxepHbix  xoabko  AAa 
annapaxoB  rHnepOojiHaecKoro  BXOAa  -  oOecneaeHHe  “aaxsaxa”  KA 
(“HeBbi.xexa”  annapaxa  H3  axMoc(J)epbi)  h  oSecneHeHHe  AonycxHMoro 
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HHxerpajibHoro  ypoBH«  fleiicTByiomHx  Ha  sKHnax  6ojii.iuhx 
neperpyaoK  (nE)max  >  6  .  B  KanecTBC  MaxcHMajibHO-zionycTHMOH  6buia 
npHHBTa  neperpysKa  (n2)jjj,,x  =  8  ,,  a  yposeHb  BoafleiacxBHH  neperpyaoK  na 
KocMOHaBxa  KOHxpojiHpoBajic5i  c  noMoiHbio  HHxerpajibHoro  KpHxepHB 
nepenocHMOcxH  neperpyaoK  AO  [9,10,17],  npHHeM  npn 

(j)opMHpoBaHHH  6a30Bbix  a3poxepMo6ajuiHCXE[HecKHX  napaMexpoB 
Ka»moro  annapaxa  oOecneHHsa-jiocb  MHHHMajibHo-BoaMOJKHoe  sHaHeHHe 
KpHxepHH  A  Ojnj„  .  HeoGxoflHMO  oxMexHXb,  Hxo  npocKTHo-reoMexpuHecKHe 
napaMexpbi  Kaxgioro  h3  cpaBHHBaeMwx  annapaxoB  ObijiH  c(i)opMHpoBaHbi  Ha 
OCHOBe  peUieHHB  COOXBCXCXByiODXHX  ypaBHeHHH  KOH^tHiypaHHH  (1)  H  npH 
BbinojiHeHHH  yKaaaHHbix  iipoeKXHbix  KpHxepneB. 

B  Hejijix  oOecneHeHHa  (J)opivrapOBaHHa  6a30Bbix  B3aHMOcorjiacoBaHHbix 
aapoxepMoOajijiHcxHHecKHX  napaMexpoB  Kaxcfloro  H3  paccMaxpHBaeMWX 
annapaxoB  Hcnojib30Bajica  KpnxepHH  “3(J)(])eKXHBHOcxH  xopMoxcenna”  , 
BnepBbie  Bse/ieHHbiH  b  [lOj: 


St 


K 


P 


■  Sinid 


(5) 


■'xa 


nojiyqeHHbie  zuia  Ka}Kaoro  xnna  annapaxa  h  AJia  Kaxgioro  aHaneHna 
CKopocxH  BXOAa  aaBHCHMocTH  ST=f(a)  h  S,=f(^Q)  (a  -  yroji 

axaKH;  -  yroji  Bxoaa  KA  b  axMoc{|)epy)  no3BOJiHJiH  cOopMHpoBaxb 


HCKOMbie  a3po6ajTjTHcxHaecicHe  napaMexpw 

oOecneaHEaiomne  zfocxi-CKeHHe  MHHHMajibHoro  aHaaenna  KpHxepna  A  0„yn 
nepcHocHMocxH  neperpyaoK.  no3XOMy  CHHxeaHpoBaHHWH  annapax 
cerMCHTajibHO-KOFiHaecKOH  KOH(J)HrypaHHH  o6jia/i;aeT  HccxaHB^apxHbiMH  (b 
cpaBHeHHH  c  CA  KK  "Cokjs")  npoeKXHo-reoMexpHHecKHMH 
napaMexpaMH:  9^  =  57°  ;  9j,  =  35°  [lOj. 

Ha  phc.6  npHBo/i5i[xca  yKaaaHHbie  saBHCHMocxn  =  f(a)  n 

Sy  =  f(9o)  fljia  paccMaxpHBaeMoro  CA  cexMeHxajibHo-KOHHaecKOH 
KOH(j)HrypannH,  HcnojibaoBaHHC  Koxopwx  nosBOJiaex  onpe^eanxb 
SajiaHcnpoBOHHbiH  yrojif  axaKH  h  yroji  Bxo^a  Oq  ,  cooxBcxcxByiomHe 
MHHHMcUibHOMy  ypoBHK)  AO,ni„  HHxexpajibHOFO  BosfleHcxBHa  neperpyaoK 
Ha  HanajibHOM  yaacxKc  xopMoxeHHBL  CA. 

Ha  pHc.7  /laioxca  aaBHCHMOcxH  oxHocHxejibHOixo  Beca  xenjioaamHXbi 
G  B  (|)yHKHHH  ox  yrjia  BXop,a  9o  h  ox  aHaaeHHa  KpMxepna 
34)<i»eKXHBHOCXH  XOpMOXeHHH  npH  paajIHHHblX  3HaaeHHaX  CKOpOCXH 

Bxop;a  Vo  ,  npoflojibHOH  yUajibHocxH  L,^  axMoccJiepHoro  y^iacxKa 
cHHxceHHH  annapaxa  h  npH  paajinaHbix  Moj3;ejrax  (O^  ,....,07) 
"nepeHocHMOcxH"  neperpyaoK. 


DpHBezieHHbie  rpa^nxecKHe  aaBHCHMocxn  nocxpoenbi  no  peayjibxaxaM 
pemeHHa  aa^tanH  xennoBecoBOH  xpaeKxopnoH  onxHMHaaiiHH  [14]  c 
MHHHMHaaHHCH  Beca  G  xenjioaaiHHXHoro  naKexa  b  xapaKxepHOH  xoHKe 
Ha  HaBexpeHHOH  noBepxHocxH  CA  paccMaxpHBaeMOH  cerMeHxajibHo- 
KOHHaecKOH  KOH{})HrypaLi:HH.  AHajTormiHbie  rpa<J)HHecKHe  aaBHCHMOcxH 
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nojiyneHM  xaicace  h  fljifl  jiByx  flpyrwx  paccMaxpHBaeMbix  annapaxoB. 
HeoGxofflHMo  oxMexHXb,  hxo  HcnojibsyeMwe  aHajiHxeHecKHe  cooxHoiueHHa 
[14]  Jim  onpeflejienHH  seca  G  ocHOBbiBaioxcH  Ha  pexyjibxaxax 
(i)yH/iaMeHxajibHbrx  HccjieflOBanHH  b  o6jiacxH  jiyHHcxo-KOHBeKXHBHoro 
xeruiooSMeHa  cii>’^CKaeMbix  annapaxoB  [13]. 

B  xaSji.l  flJiH  KaiKfloro  H3  paccMaxpHBaeMbix  BosBpamaeMwx  KA 
npHBO^iixcB:  c(J)opMHpOBaHHbie  3HaHeHixa  MaKCHMajibHoro 

aapoflHHaMHHecKoro  KanecxBa  i  6ajiaHCE[poBOB;Horo  yxjia  axaKH 

(a)K,nax  (cOOXBCXCXByiOmerO  KaMeCXBy  ),  3HaHeHIHI  KpHXepHB 

34)4>eKXHBHocxH  xopMOXceHHH  S^.  (xaiOKe  cooxBexcxBjTomero  KanecxBy  K^ax 
),  flHanaaoH  H3MeHeHHfl  aapo^IHHaMHHecKoro  KanecxBa  Kp 
(cooxBcxcxByiomHH  oiiXHMajibHOUxy  peajiH3yeMOMy  flHanasoHy  H3MeHeHHH 
KpHXepHH  34)4>eKXHBHOCXH  XOpMOXCeHHH  =  0.020-0.035)  H  ^Hana30H 
H3MeHeHHa  SajiaHCHpoBOHHoro  yrjia  axaKH  ag  (xaKsce  cooxBexcxByiomHH 
onxHMajibHOMy  peajiHsyeMOMy  flHanaaoHy  H3MeHeHHH  KpHxepHH 
34)4)eKXHBHOCXH  XOpM05KeHHH  =  0.020-0.035). 

HaHfleHHbie  xaKHM  oOpaaoM  SaaoBbie  aspoOajuiHCXHBecKHe  napaMexpbi 
cnycKaeMoro  KA  Hcnojib30BajiHCb  xaxeM  flna  (|)opMHpoBaHH« 
peajiH3yeMOH  HOMHHajibHOH  nporpaMMbi  ynpaBjieHHa  y  (t)  h 
xpaeKXopHH  CHHXceHHH  annapaxa  no  oOecnenenHio  BbinojiHeHHH  KOHennoro 
ycjioBHfl  -  xpeOyeMoro  ananeHna  iipoflojibHOH  flajibHocxH  Lj.  axMoc^JepHoro 
yaacxKa  cnycKa  (  =  3000-5000  km  ). 

3AKJIK)HEHHE 

Ha  pHc.8  npe^^cxaBjieHbi  HxoroBwe  peayjibxaxw  npoBe^eHHoro 
cpaBHHxejibHoro  xeiuioBecoBoro  anajiHsa  xpex  nepcneKXHBHWx 
B03BpamaeMbix  xra  SeMjiio  KA  OecKpbuibix  KOHcl)HrypanHH,  npmicM 
rpa([)HaecKHe  peayjibxaxbi  b  npaBoii  nacxH  Ha  pHC.8  oxBenaiox  c.fiyaaio 
HCnOJIb30BaHHS[  KpHXepHH  34)C{)eKXHBHOCXH  XOpMOXCCHHa  (5)  npH 

onpeB:e.JieHHH  OaaoBbix  npoeKXHO-6aji.riHcxHHecKHX  h  aspoaHHaMnaecKHx 
napaMexpoB  Kax<yioro  H3  annapaxoB,  a  rpa([)HaecKHe  peayjibxaxbi  b  jicboh 
aacxH  pHc.8  -  cjiynaio  HeecnojibaoBaHHa  KpHxepna  3(J)4)eKXHBHocxH 
xopMOXceHHa  . 

OcHOBHbiM  HXoroBbiM  pexyjibxaxoM  npoBefleHHbix  HccjreflOBanHH 
HBHjTca  BbiBozi^  o  KOHKypeHXocnocoOHocxH  cnycKaeMoro  KA 
cexMeHxajibHo-KOHHaecKOH  KOH4)HrypanHH  b  cpaBHeHHH  c 

paccMoxpeHHbiMH  annapaxaMH  KOH(J)Hrypan;HH  ’’necymKH  Kopnyc”(no 
KpHxepHK)  MHHHMajibHOH  noxpeOHOH  Maccbi  TSn  B  xapaKxepHOH  xoHKe  Ha 
noBepxHocxH  annapaxa).  HcoOxozchmo  oco6o  noflnepKHyxb,  nxo  yKaaaHHbiH 
BbiBO/i  nojiy*ieH  npH  KoppeKXHOM  4>opMHpoBaHHH  OaaoBbix 

a3poxepMo6ajijiHcxHnecKHX  napaMexpoB  cnycKaeMoro  KA  (c 
HCnOJIb30BaHHeM  KpHXepHa  "34)4)eKXHBHOCXH  XOpMOXCeHHa"  St)  h  npH 
KOppeKXHOM  peineHHH  aajiaaH  rpaeKXopnoH  xenjioBecoBOH  onxHMHsanHH 
flBHXceHHa  KA  b  axMOc4)epe. 
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Aerothermoballistic  Forming  of  Return  on  Earth  Manned 
Space  Vehicle  of  Martian  Expedition  Complex 


N.M.  Ivanov,  M.N.  Kazakov,  A.N.Rumynskiy,  V.G.  Soboievskiy 

The  paper  presents  materials  on  development  of  a  future 
manned  returned  space  vehicle  included  into  a  complex  for 
the  Martian  mission.  The  basic  points  of  the  developed 
aerothermodynamic  and  flight  dynamic  method  for  designing 
of  the  unwinged  returned  vehicle  performing  an  entry  to  the 
Earth  atmosphere  at  hyperbolic  velocities  are  presented.  The 
results  of  the  comparative  thermal  and  mass  analysis  are  given 
for  three  unwinged  returned  vehicles  and  for  the  entry 
velocities  13-17  km/s,  longitudinal  ranges  of  descent  3000- 
5000  km  (providing  the  accuracy  of  landing  within  1  km), 
satisfying  the  temperature  constraint  at  a  characteristic  point 
on  the  windward  surface  of  the  vehicle  and  also  providing 
admissible  g-loads  for  the  crew  (taking  into  account  the 
‘withstandability’  factor). 


INTRODUCTION 

During  the  last  years  one  of  the  most  important  directions  of  modern 
cosmonautics  -  the  inter]ilanetery  Martian  missions  with  a  return  to  the 
Earth  has  obtained  a  new  development.  First  of  all  it  is  connected  with  the 
announced  program  of  Mars  explorations  with  automatic  and  manned 
vehicles  for  the  period  till  2015. 

This  direction  was  developed  rather  intensively  in  60-th  years  [6- 
10,17,18]  at  the  initial  phase  of  manned  space  explorations  but  then  the 
associated  studies  and  design  worlcs  were  stopped  due  to  different  political, 
economical  and  technological  reasons.  The  comprehensive  studies  conducted 
at  that  time  in  all  important  directions  of  implementation  of  the 
interplanetary  Martian  mission  with  a  return  to  the  Earth  produced  the 
fundamental  for  the  apphed  cosmonautics  results  that  are  still  significant  at 
the  present  time. 

It  was  found  that  in  order  to  perform  a  ‘capture’  of  the  vehicle  by  the 
Earth  atmosphere  and  to  satisfy  the  admissible  thermal  and  load  factor 
constraints  on  the  descent  trajectory  one  of  the  most  important  design  flight 
dynamic  tasks  is  to  find  the  minimally  sufficient  available  lift  to  drag  ratio 
(Kp),nin  for  studied  return  vehicle  of  any  configuration.  One  of  results  of  the 
conducted  studies  was  that  for  the  future  unwinged  vehicles  it  is  necessary  to 
provide  (Kp)n^jn  not  less  than  0.4  [6].  This  result  lead  to  a  need  to  consider 
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It  should  be  noted  that  the  choice  of  a  shape  (configuration)  of  RV  was 
considered  at  that  time  as  one  of  the  most  important  design  tasks  since  the 
required  mass  of  the  RV  thermal  protection  coating  was  estimated  as  «40%  of 
the  total  RV  mass.  Then  the  main  task  during  choice  of  the  RV  configuration 
was  to  minimize  the  total  required  mass  of  the  vehicle’s  thermal  protection 
coating  (also  satisfying  all  imposed  constraints  and  conditions  of  landing  in  a 
given  area)  [10,14]. 

BASIC  POINTS  OF  AEROTHERMODYNAMIC  AND  FLIGHT 
DYNAMIC  DESIGNING  OF  RETURN  VEHICLE. 

At  the  present  time  an  important  task  of  the  space  technology  for  the 
manned  missions  is  to  provide  an  accurate  landing  of  the  return  vehicle  in 
any  given  area  of  the  Earth  surface,  i.e.  to  provide  a  highly  accurate  landing 
(within  a  circle  of  1  km  in  diameter)  of  the  vehicles  returned  from  the  Earth 
surface  [Ij;  to  provide  an  accurate  landing  of  the  interplanetary  vehicles  in  a 
give  area  of  the  Earth  or  other  explored  planet  (fot  example  Mars)  [3]. 

In  order  to  develop  a  successful  (in  technical  and  economical  respects) 
return  vehicle  of  any  configuration  and  to  do  it  quickly  it  is  necessary  to 
form  the  mutually  coordinated  and  technically  feasible  geometry,  flight 
dynamic  and  aerothermodynamic  parameters  of  the  return  vehicle  at  the 
initial  phase  of  a  design  work  [1-4].  This  approach  to  the  comprehensive 
designing  of  the  vehicle  guarantees  obtaining  of  noncontradictory  and  feasible 
technical  characteristics  of  the  vehicle  and  facilitates  further  successful 
detailed  designing. 

The  aerothermodynamic  and  flight  dynamic  designing  of  a  future 
returned  space  vehicle  is  a  development  of  mutually  agreed  basic  flight- 
dynamic,  aerothermodynamic  and  geometry  parameters  of  the  vehicle,  which 
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candidate  return  vehicles  of  non  standard  (for  that  period  of  time) 
configurations  -  vehicles  of  the  ‘conical  segment’  class  [5,  10,  18],  biconical 
configuration  [18],  segmental-conical  configuration  [10]  (different  by  its 
geometry  shape  from  the  Soyuz  and  Appolo  configurations  [18])  and  many 
other  original  configurations. 

The  longitudinal  range  Llong  of  the  atmospheric  descent  phase  belongs 
to  important  initial  parameters  characterizing  a  relative  position  of  the 
required  area  of  landing  and  phase  position  of  the  vehicle  at  the  entry  point 
(or  basic  parameters  of  the  approach  hyperbola).  It  was  established  that  for 
an  arbitrary  specification  of  the  Llong  range  the  direct  landing  of  the  return 
vehicle  (without  exiting  out  of  the  atmosphere)  may  not  be  provided.  Then  in 
order  to  provide  the  direct  landing  of  the  return  vehicle  on  the  USSR 
territory  the  longitudinal  range  Llong  was  taken  within  the  interval  3000- 
5000  km,  and  the  most  important  obtained  result  [7,10]  is  that  a  necessary 
condition  of  landing  in  a  required  area  of  the  USSR  territory  (at  the  latitude 
50"  N)  is  a  nonpositivity  of  the  initial  declination  angle  on  the  infinity  5,x,<0 
(fig.l),  moreover 

the  angle  5,„  characterizes  a  position  of  the  asymptote  of  the  vehicle’s 
approach  hyperbola.  For  the  unfavorable  combination  of  the  initial 
parameters  Y„  and  6oo  (first  of  all  for  the  values  6*>0)  the  direct  landing  of 
the  return  vehicle  is  not  always  possible  and  so  it  is  necessary  to  take  into 
account  the  alternative  way  of  the  orbital  landing  (with  preliminary  insertion 
of  the  vehicle  to  the  Earth  orbit). 

The  safe  landing  of  the  manned  return  vehicle  requires  to  take  into 
account  and  solve  the  problem  of  an  admissible  load  factor  profile  that  is  first 
of  all  connected  with  the  account  of  an  admissible  duration  of  high  g-loads 
acting  on  the  crew  at  the  atmospheric  phase  [17].  This  problem  of  the  g-load 
‘withstandability’  was  formalized  with  the  analytic  relation  [9]  that  takes  into 
account  an  integral  effect  of  g-loads  during  the  atmospheric  deceleration 
phase  and  allows  to  design  the  required  descent  trajectory  and  guidance  law 
with  an  obligatory  fulfillment  of  the  final  ‘withstandability’  condition 
The  use  of  the  given  criterion  allows  to  provide  a  flight  dynamic  solution  of 
the  problem  of  the  return  vehicle  safe  landing  in  the  required  area  of  the 
USSR  [10]. 
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feasibility  is  verified  during  the  flight  dynamic  modeling  of  the  return  vehicle 
motion  on  every  phase  of  a  flight. 

The  initial  stage  of  the  flight  dynamic  designing  of  RV  of  a  specified 
configuration  is  to  develop  the  basic  initial  data  for  performing  an  analysis  on 
finding  the  feasible  geometry  and  aerodynamic  parameters  of  the  vehicle  to 
be  developed.  The  basic  initial  data  for  the  manned  unwinged  return  vehicle 
of  a  segmental-conical  configuration  (Fig.  2)  are:  number  of  crewmembers, 
parameters  of  the  configuration  describing  the  vehicle's  geometry  shape 
(parameters  0^  Br  W,  a  volume  W  (corresponding  to  the  e>rtemal  shape  of  the 
vehicle)  or  a  characteristic  linear  dimension  of  RV,  an  initial  mass  Go  (or  a 
payload  mass  Gpi)  of  the  developed  RV. 


©c 
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Figure  2 


The  determination  of  the  basic  geometiy  dimensions  of  the  developed 
RV  is  done  using  the  so  called  configuration  equation  [10,11]: 

W  =  CfOD\  (1) 

where  W  is  a  vehicle's  volume,  m  ; 

D  is  a  characteristic  linear  size  of  the  vehicle,  m  ; 
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for  the  RV  of  the  considered  shape  D  is  a  diameter  of  the  head 
spherical  segment  (Fig.2); 

Cj  is  a  shape  coefficient  functionally  depending  on  initial  characteristic 
parameters  of  the  configuration. 

For  the  RV  of  a  considered  type  the  configuration  equation  is  the 
following: 


C. 


n 

24 


(l  -sin9,)(2  +  sin9,)  1-B^^ 
(l  +  sin  9^)  cos  9^,  tan9j. 


+  BkF^'(2  +  sin9^)cos9k 


(2) 


where 


[Fk  -tane^, 

[b.  =F^(l+sin9j 

It  should  be  noted  that  for  each  RV  of  a  given  geometry  shape  the 
corresponding  analj^ic  relation  can  be  obtained. 

Basing  on  equations  (l)-(3)  all  geometry  parameters  of  the  considered 
RV  can  be  obtained  uniquely  that  allow  to  calculate  the  'maximum  section 
area'  parameter  (necessary  for  the  further  analysis  of  the  flight  dynamic 
parameters)  and  the  design  parameter  [4, 11]: 

,  4.836 -W^ 

kvoi  = - ^ -  (4) 


characterizing  a  level  of  the  vehicle's  design  quality,  here  Ss  is  a  full 
surface  of  the  vehicle  calculated  by  the  obtained  geometric  parameters. 

It  should  be  mentioned  that  in  a  case  of  the  obligatory  satisfaction  of  a 
design  constraint  on  the  maximum  admissible  diameter  D  (the  requirement 
on  the  RV  placement  in  a  launcher  payload  module)  the  configuration 
equation  (1)  gives  a  unique  value  of  the  vehicle’s  volume  W.  Also  an 
additional  constraint  on  the  large-size  loads  (D<4.1m)  limits  an  available 
volume  of  the  vehicle:  W  =  22.5m'\ 

The  main  feature  in  an  analysis  of  the  available  aerodynamic  parameters 
of  the  RV  to  be  developed  is  to  find  a  range  of  the  trim  angle  of  attack  as  for 
which  the  vehicle  has  the  longitudinal  static  stabiUty  during  the  atmospheric 
deceleration.  As  it  is  known  a  criterion  of  the  longitudinal  static  stability  of 

any  flying  vehicle  is  to  satisfy  the  condition  <0  at  m  <=0  The 

da  ■ 

profiles  for  the  available  lift  to  drag  ratio  Kp  =  f(m“ )  and  trim  angle  of  attack 
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ag  =  f(ICp,m“)  can  be  obbiined  for  each  RV  and  for  different  values  of  the 
center  of  gravity  coordinate  x,  (fig.3).  The  use  of  these  graphic  profiles  allow 
to  detei-mine  not  only  an  available  range  of  the  trim  angle  of  attack  Aa^,  but 
also  a  range  of  the  available  lift  to  drag  ratio  [2,4,5]. 


-yr 
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Figure  3 


A  process  of  obtaining  the  graphic  profiles  Kp=f(m“)  and 
ttg  =f(Kp,m“)  (fig.3)  requires  rather  long  computations.  In  order  to  be  able 
to  estimate  quickly  a  flight  capacities  or 

“fhghtability”  of  the  developed  vehicle  (at  an  admissible  trim  angle  of 
attack  as)  a  new  analytic  relations  [11,12]  have  been  obtained.  The 
generalized  flightabiUty  criterion  combines  both  the  design  geometric, 
aerodynamic  parameters  and  basic  flight  dynamic  parameters  of  RV  (the  lift 

C  •  S 

to  drag  ratio  Ks  and  ballistic  coefficient  . . ,  where  Gq  is  an  initial 

design  mass  of  RV).  The  use  of  the  generalized  flightability  criterion  [11,12] 
allow  to  obtain  a  quantitative  estimation  of  a  quality  of  the  adopted  design 
solution  of  RV  for  each  trim  angle  of  attack  as.  If  the  generalized  flightability 
criterion  is  satisfied  for  each  of  candidate  trim  angles  of  attack  (within  the 
range  Aas)  it  can  be  stated  that  the  obtained  design  geometry  and 
aerodynamic  parameters  are  mutually  coordinated  and  feasible,  and  the 
developed  RV  can  accomplish  the  required  task. 

An  important  stage  of  the  flight  dynamic  designing  of  the  developing 
RV  is  to  find  such  flight  dynamic  parameters  of  the  vehicle  that  allow  both  to 
accomplish  a  formulated  task  and  to  satisfy  all  constraints  during  descent  in 
the  atmosphere,  in  particular  the  constraints  connected  with  the  thermal  and 
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load  factor  profiles.  This  task  is  accomplished  using  the  flight  dynamic 
modeling  of  the  RV  motion  that  allow  at  the  same  time  to  produce  a 
program  of  the  vehicle's  guidance  and  a  trajectory  of  the  RV  descent  to  a 
required  geographic  point. 

All  constraints  connected  with  the  admissible  deceleration  profile  and 
conditions  of  the  vehicle’s  functioning  [10,141  are  to  be  taken  into  account  in 
the  guidance  program  and  during  analysis  of  the  RV  descent  trajectory.  It 
should  be  mentioned  that  the  RV  of  an  unwinged  configuration  is  controlled 
during  motion  in  the  atmosphere  by  variation  of  its  bank  angle  y  (here  the 
vehicle  is  stabilized  on  a  required  trim  angle  of  attack  ag). 

The  basic  constraints  in  the  algorithm  of  solution  are  a  one  side 
limitation  on  the  maximum  admissible  equilibrium  radiation  temperature 

(^w)max  ^  characteristic  point  on  the  head  surface  of  the  vehicle  and  a  two 

side  limitation  on  the  load  factor  <ny<(ny)  .  Here  the  limitation 

on  the  minimum  admissible  load  factor  is  introduced  to  guarantee  a  non-exit 
of  RV  out  of  the  atmosphere  that  is  especially  critical  when  the  vehicle  is 
moving  near  an  upper  border  of  the  entry  corridor. 

The  generation  of  the  guidance  law  y(ti)  =  Yi  (at  a  current  moment  in 
time  tj,  i=l,...,n)  and  of  the  RV  state  vector  at  the  same  moment  in  time  is 
based  on  a  special  prediction  module  [101  which  predicts  and  estimates 
possible  variants  of  the  current  guidance  (with  necessary  checking  of  the 
mentioned  above  constraints).  From  the  algorithmic  point  of  view  the  RV 
motion  prediction  is  done  using  the  second  system  of  the  equations  of 
motion  (on  the  prediction  interval  that  is  equal  to  100  integration  steps  of 
the  first  basic  system),  and  here  a  predicted  estimation  of  all  admissible 
values  of  the  bank  angle  y;  is  provided  with  further  analysis  and  choice  of  the 
best  value  of  the  angle  y/.  The  obtained  guidance  (value  of  the  angle  y;*) 
corresponding  to  the  minimum  temperature  value  (t^.)  is  then  used  in  the 

basic  (first)  system  of  RV  motion  equations  only  on  the  current  step  of 
solution  (till  the  moment  tj+i),  then  the  procedure  of  the  quick  prediction 
and  choice  of  a  new  bank  angle  value  (yi+i)*  is  repeated. 

It  should  be  noted  that  in  order  to  increase  a  speed  of  the  described 
algorithm  for  obtaining  the  guidance  law  y(t)  and  nominal  descent  trajectory 
of  RV  the  new  analytic  relations  [15,16]  are  applied,  first  of  all  in  the 
prediction  module  of  the  second  system  of  the  vehicle's  equations  of  motion. 
A  distinctive  feature  of  the  new  method  of  RV  motion  prediction  is  a 
substantial  reduction  in  computation  time  while  keeping  a  required  accuracy 
of  solution  (in  comparison  with  the  solution  obtained  using  the  numerical 
integration  of  the  motion  equations). 
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COMPARATIVE  THERMAL  AND  MASS  ANALYSIS  OF  RETURNED 
UN^VINGED  CONFIGURATIONS 

Fig.  4  shows  |  4,5]  the  experimental  dependencies  of  the  lift  to  drag  ratio 
with  respect  to  the  drag  coefficient  for  the  segmental-conical  vehicle  that 
demonstrate  a  possibility  and/or  appropriateness  to  consider  RV  of  the  given 
configuiation  as  a  promising  vehicle  for  return  to  the  Earth  (if  the  lift  to  drag 
ratio  Ks>0.4  is  provided). 

Three  types  of  RV  of  the  unwinged  configuration  that  are  the  most 
studied  aerodynamically  have  been  compared:  a  vehicle  with  the  head  thermal 
protection  screen  (the  segmental-conical  vehicle,  fig. 3)  and  two  lifting  body 
vehicles  (the  'conical  segment'  type  vehicle  [10]  and  the  'conical  segment 
with  a  superstructure’  type  vehicle  [5],  fig. 5). 

The  following  parameters  have  been  taken  as  the  basic  initial  data:  the 
number  of  crewmembers  is  6  (2  pilots  and  4  passengers),  the  vehicles  volume 
W=20.2  m\  the  initial  mass  of  the  vehicle  before  its  entry  to  the  atmosphere 
is  7.012-8.645  t,  here  the  lowest  value  of  the  initial  mass  corresponds  to  the 
entry  velocity  13  km/s  and  the  highest  one  corresponds  to  the  entry  velocity 
17  km/s. 
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Figure  5 

The  methodology  of  the  aerothermodynamic  and  flight  dynamic 
designing  of  RV  developed  for  the  solution  of  the  given  problem  has  some 
specific  features  typical  only  to  the  hyperbolic  entrj^  vehicles:  to  provide  a 
capture’  of  the  vehicle  (non-exit  of  RV  out  of  the  atmosphere)  and  an 
admissible  integral  level  of  high  g-Ioads  acting  on  a  crew  (n^)^^>6.  The  load 
factor  (ni)jji3x=8  v/as  taken  as  a  maximum  admissible  limit  and  a  level  of  the 
load  factor  influence  on  the  crew  was  estimated  using  the  integral  criterion  of 
the  load  factor  withstandability  A<1)  [9,10,17],  and  here  the  minimum  value 
A® min  was  provided  during  analysis  of  the  basic  aerothermodynamic  and  flight 
dynamic  parameters  of  each  vehicle.  It  should  be  mentioned  that  the  design 
geometry  parameters  for  each  of  the  compared  vehicles  were  obtained  basing 
on  solution  of  the  corresponding  configuration  equations  (1)  while  satisfying 
the  given  design  criteria. 

In  order  to  obtain  basic  mutually  coordinated  aerothermodynamic  and 
flight  dynamic  parameters  the  criterion  of  'drag  efficiency’  Sj  (the  first  time 
introduced  in  [10])  was  applied  for  each  of  the  considered  vehicles: 


S 


T 


(5) 


The  profiles  f(ct)  and  S-j— f(6Q)  obtained  for  each  vehicle  and  each 
value  of  the  entty  velocity  (here  a  is  the  angle  of  attack  and  Gq  is  the 
entry  angle)  allow  to  form  the  required  flight  dynamic  parameters  (as,  Ks,  o^, 
Go)  that  provide  the  minimum  value  of  the  load  factor  withstandability 
criterion  Ad)„i„.  Thus  the  analyzed  segmental- conical  vehicle  has  the  non- 
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standard  (in  comparison  with  the  Soyuz  RV)  design  geometry  parameters: 

e,=57°,  0k=35°  [10]. 

Fig.  6  presents  the  mentioned  profiles  Sj  =f(a,)  and  Sx=f(9o)  for  the 
considered  vehicle  of  the  segmental-conical  configuration.  Using  these 
profiles  it  is  possible  to  determine  the  trim  angle  of  attack  a5  and  entry  angle 
00  corresponding  to  a  minimum  level  of  the  integral  load  factor  effect  on  the 
inital  phase  of  the  RV  deceleration  AO^in- 


Fig.  7  gives  a  relative  mass  of  the  thermal  protection  G  as  a  function  of 
the  entry  angle  0o  and  values  of  the  drag  efficiency  criterion  Sx  at  different 
values  of  the  entry  velocity  Vo,  longitudinal  range  of  the  atmospheric  phase 

Llong  and  different  models  (d'l  . . Oy)  of  the  load  factor  withstandability. 

The  given  graphic  profiles  were  built  solving  the  thermal  and  mass  trajectory 
optimization  problem  [14]  minimizing  the  thermal  protection  weight  G  at 
the  characteristic  point  of  the  windward  surface  of  the  considered  segmental- 
conical  configuration.  The  similar  profiles  were  obtained  also  for  the  other 
considered  vehicles.  It  should  be  noted  that  the  applied  analytic  relations  [14] 
for  determination  of  the  mass  G  are  based  on  the  results  of  fundamental 
studies  in  the  area  of  the  radiation  and  convective  heat  exchange  of  entry 
vehicles  [13]. 
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F'igure  7 

Table  1  conbiins  for  each  of  the  considered  return  vehicles  the  obtained 
values  of  the  maximum  lift  to  drag  ratio  trim  angle  of  attack 

corresponding  to  values  of  the  drag  efficiency  criterion  Sj  (also 

corresponding  to  range  of  the  lift  to  drag  ratio  Kp  variation 

(corresponding  to  the  optimum  available  range  of  the  drag  efficiency  criterion 
Sx=0.020-0.035)  and  range  of  the  trim  angle  of  attack  a&  variation  (also 
corresponding  to  the  optimum  available  range  of  the  drag  efficiency  criterion 
Sy=0.020-0.035). 


Shape 

^*-max 

°^Kmax 

(^T)Kjnax 

Range  St=0.020-0.035 

Range  Kp 

Range  qc^ 
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o 
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0.075 

0.40-0.55 

27.0°-36.0° 

1 

0.565 

15° 

0.146 

0.43-0.58 

51.0°-41.0° 

- 

1.525 

0° 

0.340 

0.43-0.62 

33.0°-26.0° 

Table  1 


The  obtained  in  such  a  way  flight  dynamic  parameters  of  RV  was  used 
then  to  form  the  nominal  guidance  profile  Y(t)  and  descent  trajectory  to 
satisfy  a  terminal  condition  to  provide  a  longitudinal  range  of  the 
atmospheric  phase  Llong^" 3000- 5000  km. 
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CONCLUSION 


Fi-.  8  presents  the  final  results  of  the  comparative  thermal  and  weight 
analvsis^^performed  for  the  three  RV  of  unwinged  configurations,  and  graphs 
in  the  right  part  of  Fig.  8  corresponds  to  the  case  when  the  drag  efficiency 
criterion  St  (5)  has  been  applied  in  determination  of  the  basic  flight  dynamic 
and  aerodynamic  parameters  for  each  vehicle  and  graphs  in  the  left  part  of 
Fig.  8  corresponds  to  the  case  when  this  criterion  has  not  been  applied. 


Figure  8 

The  main  result  of  the  performed  studies  is  a  conclusion  about  the 
competitiveness  of  the  segmental-conical  configuration  RV  in  companson 
with  the  considered  lifting  body  vehicles  (using  the  criterion  of  the  minnnuni 
required  mass  of  the  thermal  protection  coating  in  the  characteristic  point  ot 
the  vehicle’s  surface).  It  should  be  especially  stressed  that  this  conclusion  is 
done  at  the  accurate  foiming  of  the  basic  aerothermodynamic  and  flight 
dynamic  parameters  of  RV  (using  the  drag  efficiency  criterion  St)  and  at 
accurate  solution  of  the  trajectory  thermal/mass  optinaization  problem  during 
the  RV  motion  in  the  atmosphere. 
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OaKc:  (39197)  236  94 

AHHoxauHa 


KocMHHecKHe  CHCxeMbi  CBflSH,  cosflaBaeMbie  na  6a3e  MajioraSapHXHHx  (Majitix) 
KA,  xpeSyiox  pemeHHa  3a;^aH  onxpiMH3auHH  h  BbiSopa  op6HxajibHOH  cxpyKxypti,  a 
xaxace  ee  noAneppRaiiM  na  AnnxeJibHOM  cpoxe  aKXHBHoro  cyipecxBOBaHHa  KA  -  /to  7- 
1 0  Jiex.  CHCxeMa  CBasH  ;3:o.iiKxia  o6ecneqHBaxb  rnoSajibHyio  n  nenpepbiBHyio  cbssb  a-hh 
noxpe6HxejieH  c  KOMnaKXHoft  h  fleuieBOH  cbxshoh  annapaxypon.  B  HacxoameM 
AOKJiaae  npHBo;iaxca  peayjxbxaxbi  HCCJieflOBaHHH  ,  npoBCfleHHbix  b  HIlO  npHKjiaflHOH 
MexaHHKH  no  onxHMHsannH  opGnxairbHon  cxpyKxypbi  poccnncKOH  HH3Koop6HxajibHOH 
KOCMHnecKOH  CHcxcMbi  CBXSH  ‘ToHeii;”,  pa3pa6oxaHHOH  no  saxasy  PKA  b  paMxax 
OenepanbHOH  KOCMnnecKon  nporpaMMbi  Pocchhckoh  OenepapHH. 

B  noKJiane  nocxasnenbi  n  pemenbi  sa-jisnn  BbiSopa  op6HxajibHOH  rpynnnpoBKH 
KA  CHCxeMbi  ‘Tonen”.  OnxHMnaanna  npoBO/iHJiacb  no  KpE[xepHio  KOJinnecxEa  KA  b 
opSnxajibHOH  rpynnnpoBKe  npn  HajiHHHH  orpaHnnennH  na  Bbicoxy  opGnx  ,  na 
opSnxajibHoe  HaKiionenne,  na  BosMoxcHbie  cxombi  BbiBeaenna  KA  ,  na  Konnnecxso  KA 
BbiBOj^HMbix  ojiHHM  HOCHxcjieM  H  HB.  yxoji  Mocxa  pa6oxbi  noxpe6Hxejia.  Jlynmaa 
opOnxanbHaa  cxpyxxypa  aajiee  nccne^toBanacb  na  ycxonnnBocxb,  x.e.  na  oxKjionenHe  c 
xenenneM  BpeMenn  ox  n/KeanbnoH  cxpyxxypbi  H3-3a  OBOjnonnn  napanexpoB  opGnx. 
HccjiejlOBaHHa  ycxoHHHBOcxn  noKaBaan  ,  nxo  cncxcMa  KA  AOJixcna  6bixb 
KoppcKxnpyeMOH  no  ^syM  napaMexi)aM:  no  nepnoAy  oOpamenna  h  no  HaKnonennio 
opGnxbi. 

B  Hxore  6biJia  BbiOpana  opGnxajibnaa  rpynnnpoBxa  caeayiomeH  cxpyxxypbi:  6 
opGnxajibHbix  njiocKocxen  c  HaKJiOB[eHHeM  82°,  b  Kaacp,OH  iuiockocxh  no  BoceMb  KA 
nepes  45°  na  Bbicoxe  1 500  km,  bco  KA  b  o^hoh  opGnxaJibHOH  njiocKocxn  CMenienbi  no 
apryMCHxy  mnpoxbi  oxnocnxenbHO  KA  coceanen  opGnxajibnon  njiocKOCxn  na  22,5°  . 
J\siH  no^^Aepxcanna  ycxoHHHBOCxn  oponxajibnoH  cxpyKxypbi  xpeGyexca  npoBoztnxb 
nanajibnyio  KoppeKnnio  a™  ycxpanenEia  norpemnocxen  BbiBeaenna  KA  nocnxeneM  n 
najiee  na  cpoKc  aKXHBHoro  cymecxfiOBanna  7  nex  nepnoflHnecKn  (o;];hh  pas  b  xpn 
nenejiH  )  ycxpanaxb  paoxoac^enHe  cncxcMbi  no  apryMenxy  mapoxyi  KoppeKnnen 
nepno/^a  oOpantenna.  OOrane  aaxpaxbi  xapaKxepncxnnecKon  cKopocxn  neoGxoaHMon 
ajia  KoppeKnnn  ne  npesbimaiox  22  m/c. 
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rfncTa.HOBKa  sajaHH 


rioa  napaMexpaMH  op6HTajii.HOH  cxpyKxypbi  CHCxeMbi  KA  hjih  npocxo  nofl 
op6HxajrbHOH  cxpyKxypoH  noHHMaexcji: 

•  KojiHHecxBO  op6Hxai[bH&ix  njiocKocxefi  (n); 

•  KOJiHHecxBo  KA  B  njiocKOCTH  (k); 

•  cMemeHHe  opGHxaJiBHbix  njiocKOCxeft  (no  niOJiroxe  Bocxo^Hmero  yana  )  Apyr 
oxHOCHxejiBHO  ;^pyra  (AQ); 

•  AasHpoBanne  (paiHecenne  no  apryMenxy  ninpoxti)  KA  Bnyxpn  nnocKOCxn  (Au  ), 

•  4)a3HpoBaHHe  (paanecenne  no  apryMenxy  uinpoxbi)  KA  b  paajinnnMX  njiocKocxax 

{^9  )•  c. 

B  ^aJibnenmeM  op6HxajTbHyio  rpynnnpOBxy  KocMnnecKHx  annapaxoB  oy^cM 

onpeflCJiaxb  xaK  nxk. 

Pa-ccMOxpHM  xpeGoBanna  k  opSnxajibnoH  rpynnnpoBKC  KocMnnecKon  chcxcmm 
CBaan  ‘Tonen”.  Ona  flOJixcna  o6ecneHHBaxb  nenpepbiBnyio  n  rjio6ajibHyK)  CBSSb  ana 
noxpeenxejien  c  KOMnaxxHOH  n  flemeBon  CBasnon  annapaxypon.  Uoji  rjio6ajibHocxbio 
noHHMaexca  cnoco6Hocxb  opSaxaubHon  rpynnnpoBKH  oGcjiyxcnxb  noxpe6Hxejia  b 
jik)6oh  xoHKe  aeMHOH  noBepxnocxn.  Uoa  nenpepbiBHOCxbro  noHHMaexca  cnoco6Hocxb 
opSnxajibHOH  rpynnnpoBKn  o6cny)KHXb  noxpeSnxena  b  nioGoH  momchx  BpeMenn.  Ecjih 
aa^aioxca  o6a  oxn  xpeSoBanna  ,  xo  ana  aa^^ann  BbiSopa  op6HxaJibHOH  rpynnnpoBKH  axo 
oananaex,  hxo  noxpeSnxeab  b  aioSoH  xonxe  acMHon  noBcpxnocxn  b  Kaacflbin  momchx 
BpeMenn  HMeex  b  aone  CBoen  paAHOBHflHMOCxn  xoxa  6bi  o^nn  KA.  CjieAyex  oxmcxhxb, 
HTO  xpeGoBanne  nenpepbiBHOCxn  asjiaexca  flocxaxonno  xcecxKHM  n  nxoGbi  ero 
BbmoJiHHXb  npnxopnxca  ncnoabaoBaxb  anannxeabHoe  nncjio  KA  b  opSaxanbnon 
rpynnnpoBKe.  Ha  npaKxnxe  nacxo  ne  xpeGyexca  nonnaa  nenpepbiBHOcxb  CBaan,  a 
Gbroaex  nocxaxonno  nxoGbi  ona  Bbinojinajiacb  c  BepoaxnocxbK)  P  6jih3Koh  k  eflnnnne. 
HoaxoMy  nanee  Gynyx  paccMaxpnsaxbca  opGnxajibnbie  rpynnnpoBKH  ,  Koxopwe 
oGecnenHBaiox  rjioGajibnyio  n  nenpepbiBnyio  cBaab  c  paann^nbiMH  ananennaMH 
BCpOaXHOCXH  P  . 

TpeGoBanne  Maaon  aneproeMKOcxn  cnaanon  annapaxypbi  oananaex,  nxo  Bbicoxa 
opGnx  KA  noaacna  Gbixb  MnnnMajibHO  BoaMoacnon.  TpeGosanne  raoGajibnocxn  n 
nenpepbiBHOcxH  /ie.xaex  neoGxoflHMbiM  yBeannenne  Bwcoxbi  n  naKaonenna  opGnx  KA. 
KaK  npaBHao,  Bbicoxa  n  naKaonenne  opGnxbi  BbiGnpaioxca  no  coBOKynnocxn 
(|)aKxopoB,  B  XOM  nncae  c  ynexoM  Maccbi  KA,  aneprexHnecKHx  BoaMoacnocxen 
paanoaHHHH  "xepMnnaa  -  KA",  naanana  cooxBexcxByiomero  paxexoHOcnxeaa  (PH)  n 
noanroHOB  aanycxa,  cxohmocxh  aanycKa,  HHxeHCHBHOcxn  pa^nannH  na  BbiGpannon 
Bbicoxe,  cpoKa  aKXHBHoro  cymecxBOBanna  KA  n  x.n..  Onbix  paGox  HHO  HM  noKaaaa, 
Mxo  naa  xaKHX  aa^an  nanGoaee  npneMaeMa  oKoaoKpyroBaa  opGnxa  bbicoxoh  OKoao 
1500km.  Jijisi  aanycKa  neaecooGpaano  ncnoabaoBaxb  PH  "Pokox",  Koxopbin  mokcx 
BbmecxH  na  axy  Bwcoxy  aP  4-x  KA  oanoapeMenno  (  Macca  KA  ne  Goaee  250  kx). 

/Haa  oGecnenenna  ycxonanBocxH  opGnxaabnon  cxpyKxypbi  KA  aoaacHbi  HMexb 
oannaKOBbie  cpeanne  ananenna  caeayioninx  aaeMenxoB;  Goabinon  noayocn  (a), 
ajccnenxpncHxexa  {e)  n  HaKaonenna  (/).  B  axoM  caynae  see  opGnxaabHbie  naocKoexn 
npeneccHpyiox  c  oannaKOBon  cKopocxbio  n  b  oany  n  xy  ace  exopony,  xaK  nxo 
BaanMHoe  noaoacenne  naocicocxen  b  npocxpancxBe  na  flanxeabHbix  epoKax  axxHBHoro 
cymecxBOBanna  KA  HaMenaexcH  neanaanxeabno. 
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TaKHM  o6pa30M,  B&iSopa  opGHxajitHOH  CTpyKxypbi  KocMHHecKOH  CHCxeMbi 

‘ToHeu:”  csoanxca  k  naxoRflCHHio  MHHUMajibHoro  HHCJia  KA,  oGecneHHsaiomHX 
oflHOKpaxHoe  HenpeptiBHoe  (c  BepoaxHocxtio  P  )  h  xjioGajibHoe  noKpwxHe  ,  npn 
cjiefl;yioii],HX  orpaHHneHHax: 

1.  HOMHHajibHbie  Bbicoxbi  Bcex  KA  paBHbi  1500  km  h  y  Bcex  opSnx  o^iHHaKOBbie 
HOMHHajibHbie  aKcpeHxpHCHxex  h  HaKnoHenne; 

2.  KOJiHHecxBo  KA  b  KaH/^oii  naocKocxH  aojdkho  6bixb  KpaxHO  4; 

3.  HaKJioneHHe  op6HXbi  KA  Moxcex  npHHHMaxb  3Hax[eHHfl  64”,  72®,  82”  (xojibKo 
flaa  3XHX  HaKJiOHeHHH  HMeioxca  ocBoeHHbie  xpaccbi  BbiBe;i;eHHH  fljia  PH 
“PoKox”  c  KOCMoapoMa  HjiHcepK ) ; 

4.  KoppeKXHpyeMOH  op6HxajibHOH  cxpyKxypbi  pacxofl  xapaKxepncxHHecKOH 
CKopocxH  He  HOioKCH  npeBbiiuaxb  22  m/c  ,  hmchho  xaKoft  sanac  oSecncHHBaex 
njiax(j)opMa  KA  ‘T OHen;”. 

Cjie/iyex  oxMCXHXb,  hxo  jiaHHaa  sa^ana  Moxcex  He  HMexb  e;i;HHCXBeHHoro 
pemeHHH  ,  x.e.  Moryx  cymecxBosaxb  HecKOJibKO  cxpyxxyp  c  6jih3khmh 
xapaKxepHcxHKaMH.  B  3xom  cjiynae  Heo6xo/iHMbi  aonoJiHHxejibHbie  KpnxepHH  BbiSopa 
h3  HecKOJibKHx  pemcHKH  ;];aHHOH  3aaaHH  o/^HOH  op6HxajTbHOH  cxpyKxypbi.  0/i;hhm  h3 

xaKHX  KpHxepHeB  aBjixexcH  yroji  Mecxa  noxpe6Hxejifl  a,  npH  KoxopoM  nonxcna 
o6ecneHHBaxbca  cBK3b.  /]|ajiee  Gynyx  BBenenbi  eipe  flonoJiHHxejibHbie  KpaxepHH 
cpaBHeHHH  op6HxajibHbE<  cxpyKxyp,  CBaxaHHbie  c  BpeMeneM  oxcHflaHHH  cbhsh 
HoxpeGHxejieM. 


OueHRa  napaMexpoB  h  xapaKxepncxHK  cbaxh  paxjTHHHbix 
opGaxajibHbix  cxpvKxyp 

OHeHKH  iiapaMexpOB  h  xapaKxepncxHK  cbhsh  npoBOHHJiocb  MOflejinpoBaHHe 
npopecca  CBa3H  no  Bceft  noBepxHocxH  3eMJiH  hhh  pasjiHHHbix  opGHxajibHbix  cxpyKxyp. 
OcHOBHbie  xapaKxepHcxHKH  cbh3h  GbiJiH  nojiyncHbi  nyxeM  cxaxHCXHHecKoro 
MOflejiHpoBaHHa  npopecca  csaan  Ha  Been  noBepxHOCXH  SeMHH.  MaxeMaxanecKaa 
Monenb  nponecca  caasH,  BicjiioHaromaa  Monejib  HBH>KeHHa  KA,  BpameHHe  3eMJiH 
BOKpyr  CBoeft  och  h  pacnojio>KeHHe  noxpeGHxejia  Ha  nosepxHocxH  3eMnH  ,  h  ee 
napaMexpbi  Gbijih  noHoSpanbi  xbkhm  o6pa30M,  hxoGbi  oGecncHHXb  xohhocxb 
HonyHaeMbix  xapaKxepHcxHK  b  npe^ejiax  1-3%,  hxo  hobbojihjio  BbiaBHXb  c 
HocxaxoHHOH  HaflexcHOCxbK)  ocoGenHocxH  opGHxajibHbix  nocxpoeHHH. 

OpGnxajibHbie  rpyniiHpoBKH  ,  HJia  Koxopbix  npoBOOTJiHCb  pacnexbi  hx 
xapaKxepHcxHK  cbh3h,  cxpoHJiHCb  cjieH,yK)ntHM  oGpasoM: 

•  coce^^HHe  HHOCKocxH  CMemeHbi  oxHOCHxeHbHO  jjjpyr  apyra  (xpoMe  nepaoH  h 
nocaeAHeli)  na  BejiHHHHy  M:excnjiocKocxHoro  CMeinenHa  (AQ),  sejiHHHHa  Koxoporo 
npHBOflHxca  B  Ka^oM  KOHKpexHOM  cjiyHae  (cxpyKxypa  cxpoHxca  xaK,  hxoGbi  KA 
coceHHHX  njiocKocxeH  KpoMe  nepaoH  h  nocjieHneH  HBHrajiHCb  napajinenbHO  h  3a  cnex 
MexcnjiocKocxHoro  CHBHxa  hx  xpaccbi  HanGojiee  34)(|)eKXHBHO  noKpbiBajiH  xeppHxopHio 
3eMjfTH); 

•  4>B3HpoBaHHe  KA  B  naocKoexH  -  paBHOMepnoe  (sejiHHHHa  ^Jbboboxo  CHiBHra  b 
nnocKocxH  pasna  BenHHHHe  360/k); 

•  4)a3HpoBaHHe  KA  b  pEianHHHbix  njiocKocxax  ocymecxBJiaexca  xaKHM  oGpaaoM,  hxo 
KA  B  coceflHHX  opGHxajibHbix  njiocKocxax  CMen];eHbi  Apyr  oxHOCHxejibHo  npyra  na 
nojioBHHy  BeHHHHHbi  (j3a30Boro  c;iBHra  b  hjiockocxh  . 
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B  cnyxHHKOBbix  cHcxeMax  xapaKxepHCTHKH  Kax  npaBHJio  cyipecxBeHHO  sasHcax 
ox  niHpoxbi  pacnojioxceHHB  aSoHCHxa,  nooxoMy  anajiHS  sasHCHMOcxH  xapaKxepncxHK 
CBH3H  OX  inHpoxbi  saHHMaex  o;^Ho  h3  FJiaBHbix  Mecx.  C  pejibio  oiipeflCJicHHa 
3aBHCHMOcxH  noKa3axejieH  ox  uiHpoxbi  6biJiH  Bbia;ejieHbi  HecKOJiBKo  3HaHeHHH 
mHpox:0°,  20°,  40°,  50°,  60°,  70°  h  80°. 

KpHxepHeM  cpaBHeHM  opSHxanbHbix  cxpyxxyp  npn  rjioOajibHOH  HenpepbiBHOH 
CBX3H  aBJiflexcfl  yro.r[  Mecxa  paSoxbi  noxpeSHxejiH  Koxoporo  3xa  uioGajibHocxb  h 
HenpepbiBHOCXb  ^^ocxHxaexca.  0.i^HaKO  o;^Horo  axoro  KpHxepHa  He.ii;ocxaxoHHO  flna 
cpaBHeHHa  op6HxaJibHbix  cxpyxxyp.  BBe^eM  AonojiHHxeabHbie  xapaxxepHCXHKH  CBa3H 
no3BOJiaiomHe  cpaBHHBaxb  cxpyxxypbi  na  pa3Hbix  axanax  pasBepxbmaHHa  chcxcm: 

•  BpcMa  oacHaaHHa  c  BopoaxHocxbio  1.0-  tj  ,,  (rapaHXHpoBanHoe  BpeMa  oacHflanHa); 

•  BpeMa  oacHflaHHa  c  BepoaxHOCXbio  0.9  -  4,9; 

•  BpeMa  oacHflaHHa  c  Bepoaxiiocxbio  0.8  -  t„^g, 

•  cpeB;Hee  BpeMa  05KH.aaHHa 

3xh  xapaxxepHCXHKH  onpe^ejiaroxca  flJia  onpe^ejieHHOH  niHpoxbi  h  Moryx 
HHxepnpexHpoBaxbca  Kax; 

tj  „  -  HaH6ojibmee  speMK  oafCH/^aHHa  KA  h3  100  %  bobmokhhx  noxpeSHxejieft  fljia 
Ba^aHHOH  uiHpoxbi; 

to  9’  t„s  -  HaHSojibniHe  BpeMena  OKH^i,aHHa  KA  h3  90%  h  80%  bosmoxchbix 
noxpeSHxejieii  /iJia  aaj^aHHOH  iJiHpoxBi; 

-  onpe;[];eB:aex  ocpe^^nenHoe  no  bcom  bo3mo)khbim  noxpeOnxejiaM  BpeMa  oxcH^^aHna 
fljia  AaHHOH  mnpoxBi. 

B  xa6ji.  1  npHBOflaxca  ocHOBHBie  napaMexpBi  cxpyxxyp  6x8,  npH  KOXopBix 
oOecneaHBaexca  nenpepBiBHoe  (c  sepoaxHocxBio  1)  rao6aaBHoe  o6cjiyxaiBaHHe  fl;jia 
HaxaoHeHHH  90°,  82°  n  72°. 

TaSanna 1 


HaxaoHenne 

MexcnnocxocxHoe 

CMemenne  (AQ) 

Yroji  Mecxa 

90° 

32.5° 

14.5° 

82° 

33° 

14° 

72° 

35° 

13° 

Kax  caeayex  h3  xaSa.l  HanSojiBrnnH  yroa  Mecxa  oSecnennBaexca  npn  naxaenennH  90°. 
Oflnaxo  ^^aHHoe  HaxaoneHHe  ne  no;i,xoaHX  nofl  orpaHKHenna  no  xpaccaM  BBiBe^aenna  h 
X  xoMy  xce  b  opSnxajiBHBix  xonxax  naji;  nojnocaMH  cxo^axca  necxoaBXO  KA  n 
cymecxByex  BepoaxnocxB  nx  cxoaxHOBenna  .  Tcm  ne  Menee  y  opGnxajiBHOH  cxpyxxypBi 
c  aaHHBiM  HaKnonenneM  Hanaynmne  xapaxxepncxHxn  cBaan  h  noaxoMy  b 
aajiBHennieM  ona  npHBOflnxca  jinsi  cpaBHenna. 

B  xa6a.  2  npnBoaaxca  xapaxxepncxnxn  cBaan  op6HxajiBHBix  cxpyxxyp 

naxjioneHHH  90°,  82°  h  72°  npn  yrne  Mecxa  a=30°. 
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B  Ta6ji.  3  npHBOflaxca  xapaKxepHCTHKH  cbhsh  opG'HxajibHtix  cxpyxxyp 
HaKJiOHeHHH  90°  82°  h  72°  npH  yrae  Mecxa  a==l  5°. 

Ta6jiHpa  3 


BpCMS  TOKHflaHHil  C  BepOflTHOCTblO  P,  MHH 

(p 

P==1.0 

P==0.9 

P=0.8 

P 

^  CpA 

i=90° 

i=82° 

1=72° 

1=90° 

1=82° 

1=72° 

IBItM 

1=82° 

1=72° 

1=90° 

1=82° 

1=72° 

0 

119 

117 

54.9 

64.7 

22.1 

27.9 

15.8 

16.1 

17.7 

20 

■sHCTI 

92.4 

116 

42.8 

51.3 

16.6 

17.3 

19.3 

12.8 

13.3 

14.3 

40 

Mm 

61.3 

72.8 

14.3 

14.6 

11.0 

11.2 

11.5 

5.6 

5.6 

6.0 

50 

45.7 

79.9 

11.1 

11.3 

■EIM 

7.8 

7.9 

8.6 

3.5 

■Bi 

60 

42.6 

16.3 

86.8 

4.5 

6.7 

10.0 

1.7 

5.7 

1.2 

1.6 

MtgM 

70 

10.6 

14.2 

49.9 

0 

0.7 

0 

0 

3.9 

0.1 

0.3 

2.3 

80 

7.9 

13.9 

18.7 

0 

0 

7.0 

0 

0 

2.1 

0.01 

0.02 

1.7 

0 

15.9 

16.2 

16.8 

7.4 

7.6 

8.8 

3.0 

3.2 

4.3 

1.8 

1.8 

2.1 

20 

15.3 

15.6 

16.0 

8.3 

— 

8.0 

3.6 

3.9 

4.1 

2.0 

2.1 

2.0 

40 

log 

14.5 

23.2 

1.2 

1.7 

3.7 

0 

0 

0.7 

0.4 

0.5 

0.9 

50 

16.7 

34.8 

0 

0 

0 

0 

0 

0 

0.1 

0.1 

0.3 

60 

IQB 

14.9 

15.3 

0 

0 

0 

0 

0 

0 

0.02 

0.1 

0.4 

70 

0 

2.5 

Ka 

0 

0 

0 

0 

0 

0 

0 

0 

0.5 

80 

0 

11.4 

0 

_ 1 

0 

0 

0 

0 

0 

0 

0 

0.1 

AnaJIHS  Op6HXaJIBHOH  VCXOfigHBOCXH 

ycxoHHHBOcxb  op6Hxaji&HOH  cxpyKxypbi  CHcxcMBi  oSecneaHBaexca  Bbi6opoM 
HOMHHajiBHbix  napaMexpoB  opOnx,  o^HHaKOBtix  jym  Bcex  KA  chcxcmbi,  h  KoppexpHeH 
aneMCHXOB,  BBOJiiopHa  Koxopijx  Hapymaex  BsaHMHoe  nojioKeHHe  KA  b  cHcxeMe. 
oOecneHCHHa  cxaOHirbHOCxH  xapaicxepHcxHK  cbhbh  Ha  cpoxe  aKXHBHoro 
cymecxBOBaHHfl  h  noAflepjKaHHe  opSHxajibHOH  cxpyKxypbi  HeoSxoflHMO 
KoppeKXHpoBaxB  nojioaccHHa  KA  na  opOnxe  no  apryMCHxy  ujHpoxbi  a  xaxKC 
oGecneHHXB  cxaGnjiBHoe  noBoxceHixe  njiocKocxeft,  BaKHO  onpeflejiHXb  noxpeSHbie 


B.  BapxeHeB 


sanacbi  xapaKTepHCTHHecKoft  cKopocxH  Ha  6opTy  h  ee  pacKJiaflKy  Ha  paajiHHHbie 
Manefipbi. 


PHcl.CTpyKTypa  chctcmm  (6x8). 

Ha  pHc.l  HOKaaaH  o6ni;HH  bh;i  cHCTCMbi  6x8  c  HaKJioHeHHeM  82°. 

B  Ta6ji.4  npHEOflaxca  snaqeHHa  yxo^a  nojioxfeHHa  hjtockocxh  op6HXH  ox  csoero 
HOMHHajibHoro  nojioaccHHH  3a  7  Jiex  aa  cnex  noxpeniHocxeH  BWsefleHHa  PH  no 
HaKJIOHeHHK)  H  Bbicoxe. 


Ta6jiHHa  4 


3bOJIIOUHH  HJIOCKOCTH  OpSHTbl  3a  7  JICT 


i,  rpaj^yc 

H,  KM 

Ai,  rpa^yc 

Aa,  KM 

AQ,  rpaAyc 

90 

1500 

0 

30 

4.3 

0.05 

0 

10.6 

82 

1500 

0 

30 

22.3 

0.05 

0 

10.5 

72 

1500 

0 

30 

49.6 

0.05 

0 

10.1 
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yxoji:  nojioaceHHa  hitockocth  op6htbi  KA  ot  CBoero  HOMHHajiBHoro  nojioaceHHa 
H3-3a  norpeuiHocxeK  BHBej^cHHa  no  Bticoxe  n  HaKaoHenmo  na  CAC  7  aex  fljia 
HaKaoHCHHa  82°cocxaBax; 

•  3a  cnex  norpemnocxH  no  bbicoxc  ±10°; 

•  3a  cnex  norpeuiHocxn  no  HaKaonenHio  ±22°. 

KpoMe  3X0X0,  KA  CHCxeMbi  ‘Toneii”  3a  cnex  conpoxHaaenna  axMoc(|)epBi  Oy^ex 
eacecyxoHHo  xepaxb  b  OoabuiOH  noayocn  ox  6cm  .ii;o  1.5  cm  b  aaBHCHMOcxn  ox 
coancHHOH  aKXHBHocxn,  nxo  npHBOflHX  k  HCKOHxpoanpyeMOMy  CMemennio  KA  no 
apryMCH'ry  mnpoxbi. 

Anaana  3xhx  ^amibix  no3Boaaex  onpenieanxb  cocxaB  KoppcKxnpyeMbix 
napaMcxpoB,  onpefleanxb  nepHOflnnnocxb  KoppcKiinn  h  noxpeGnbie  aanacbi 
xapaKxepHcxnnecKOH  CKopocxii  na  npoBCAenne  MancBpoB  na  opGnxe, 

npexc;];e  Bcero,  p;aa  cxaGnabHoro  (|)yHKpHOHHpoBaHHa  cncxcMbi  neoGxoflHMO 
ycxpannxb  norpeuiHocxH  BbiBefleniia  KA  no  Bbicoxe  ,  aKcpenxpHCHxexy  h 
HaKaoHeHHK),  a  xaicxce  y/tepacHBaxb  KA  no  apryMenxy  iniipoxbi.  IIorpeniHocxH 
BbmeacHHa  ycxpanaioxca  oflnn  pias  cpaay  nocae  Bbme/ieHHa  KA  na  opSnxy. 
OxiHoapeMCHHo  c  oxhm  KA  npHso^nxca  b  HOMHHaabHoe  noao>KeHHe  no  apryMenxy 
uiHpoxbi.  /l^aa  3X0X0  ncnoabayexca  naa  anna  KoppcKpHn:  KoppcKuna  naKaonenHa  n 
KoppeKnna  nepnona  oOpamenna. 

B  nponecce  sBoaiounn  opGnxaabHaa  xpynnnpoBKa  Hannnaex  pacxonnxca  no 
apxyMenxy  mnpoxbi.  KoppeKnna  apxyMenxa  mnpoxbi  ocymecxBaaexca  KoppeKnnen 
nepnona  oOpamenna  n  npoBonnxca  nepHonnnecKH  na  cpOKe  aKXHBnoxo 
cynjecxBOBaHHa.  Tlaa  ynep>KaHHa  KA  na  opOnxe  c  xonnocxbio  ±0.2°  (nxo  neoOxonnMo 
nna  nonnspxcanna  cxaOnabHocxn  xapaKxepncxHK  caaan  )  KoppeKnnro  opOnxbi  caepyex 
npoBonnxb  onnn  pa;i  b  xpn  nenean. 

Ha  6opxy  HMeexca  aanac  xonanBa,  noaBonaiomnn  peaanaoBaxb  22  m/c 
xapaKxepncxnnecKOH  CKopocxn.  Ha  ycxpanenne  norpeinnocxH  BbiBenenna  KA  no 
Bbicoxe  pacxonyexca  ne  6oaee  14  m/c  xapaKxepncxnnecKon  cKopocxn.  Ha  ycxpanenne 
noxpeuraocxH  BbiBeaenna  KA  no  naKaonennio  noxpe6yexca  ne  6oaee  6  m/c 
xapaKxepncxnnecKOH  CKopocxn.  Ha  KoppeKnnio  noaoacenna  KA  no  apryMenxy 
mnpoxbi  noxpeGyexca  Menee  0.3  m/c  xapaKxepncxnnecKon  cKopocxn. 

/^aa  npoBenenna  KoppeKpnn  naKaonenna  KoppeKxnpyroinnn  HMiiyabc  Bbinaexca 
nepnennnKyaapno  naocKocxn  op6nxbi.  npn  npoxoxcnennn  KA  sKBaxopa.  T^aa 
npoBenenna  KoppeKpnn  nepnona  oOpanienna  KoppeKanpyiouinn  nMnyabc  Bbinaexca  no 
nan  npoxnB  BCKxopa  cKopocxn  KA.  KoppeKxnpyioinnH  nMnyabc  Bbinaexca  b  MOMenx 
oGecnenixBaioinHH  MnnnMaabnoe  ananenne  aKcnenxpncnxexa.  /l|annbie  Bnnbi 
KoppeKunn  peaanayioxca  cooxBexcxByiouiHMn  nenraxcaaMn  KoppeKpnn,  BxonaipnMn  b 
cocxaB  naax4)opMbi  KA  ‘Tonen”  pa3pa6oxKn  HHO  HM. 
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Optimization  of  orbital  structure 
for  the  ’’Gonez"  small  satellite 
system 

V.  Bartenev,  V.  Kudymov,  V.  Podol’yakin, 

D.  Shmakov,  A.  Grechkosseyev,  O.  Grafodatsky 
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Fax:  (39197)  236  94 

Summary 

Created  nowadays  on  the  small-sized  (small)  satellite  s  basis  the 
telecommunication  space  systems  require  solving  optimization  problem  and  orbital 
structure  selection  and  also  its  maintenance  for  long  duration  satellite  lifetime  up  to 
7.. .10  years. 

The  telecommunication  system  should  provide  worldwide  and  continuous 
telecommunication  for  customers  using  compact  and  cheap  telecommunication 
hardware.  In  the  present  report  account  is  given  of  the  research  outcomes  have  been 
carried  out  in  NPO  PM  as  for  orbital  stnicture  optimization  for  the  Russian  "Gonez" 
telecommunication  low-orbital  space  system,  developed  in  NPO  PM  for  the  Russian 
Space  Agency  order  within  the  framework  of  the  Russian  Federation  Federal  space 
program. 

The  "Gonez"  satellite’s  system  orbital  constellation  selection  problems  are 
posed  and  solved  in  this  report.  The  optimization  was  carried  out  as  to  satellites’ 
amount  criterion  in  the  orbital  constellation  at  presence  of  limitations  as  for  the  orbital 
altitude,  as  for  the  orbital  inclination,  as  for  the  possible  schemes  of  the  satellite 
positioning  on  orbit,  as  for  amount  of  satellites  injected  by  one  launcher  and  as  for 
elevation  angle  of  customer  activity.  Next  the  best  orbital  structure  was  investigated  in 
regard  to  stability,  i.e.  on  orbital  structure  deviation  from  the  ideal  structure  in  the 
course  of  time  because  of  orbital  parameters’  evolution.  The  stability  s  researches 
have  shown  that  the  satellite  system  should  be  correctable  by  two  parameters:  by  the 
orbital  period  and  by  the  orbital  inclination. 

As  a  consequence  the  following  orbital  constellation  structure  was  selected:  6 
orbital  planes  are  positioned  with  the  inclination  value  82°,  eight  satellites  are  placed 
through  45°  at  1500  km  altitude  in  the  each  plane,  all  satellites  from  the  same  orbital 
plane  are  biased  on  latitude  argument  as  to  satellite  from  the  nearest  orbital  plane  by 
22,5°.  The  orbital  structure  stability  maintenance  requires  in  the  first  place  the  initial 
correction  carrying  out  that  is  aimed  at  errors’  compensation  of  the  satellite  orbital 
injection  by  the  launcher  and  further  for  the  lifetime  period  7  years  periodically  (once 
per  three  weeks)  to  compensate  a  satellite  system  divergence  as  for  the  latitude 
argument  by  correction  of  the  orbital  period.  The  corrections  require  the  total  costs  of 
characteristic  velocity  not  exceeding  the  value  22 
m/sec. 
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Formulation  of  the  problem 


The  orbital  structure  parameters  of  the  satellite  system  (further  the  orbital 
strueture)  are  the  following: amount  of  the  orbital  planes  (n); 

•  amount  of  the  satellites  in  the  plane  (k); 

•  displacement  of  the  orbital  planes  (the  ascending  node  of  the  right 
ascension)  with  each  other  (AQ); 

•  satellite  phasing  (separation  by  the  latitude  argument)  within  the  plane  (Au 

); 

•  satellite  phasing  (separation  by  the  latitude  argument)  in  the  various  planes 

(Arp). 


Further  we  shall  define  the  satellite  orbital  constellation  as  nxk. 

Let's  consider  the  requirements  as  for  the  orbital  constellation  of  the  "Gonez" 
space  telecommunication  system.  It  should  provide  continuous  and  worldwide 
(global)  telecommunication  for  customers  using  compact  and  cheap 
telecommunication  hardware.  Global  telecommunication  means  ability  of  the  orbital 
constellation  to  serv'e  a  customer  in  any  point  of  the  Earth’s  surface.  Continuity  means 
ability  of  the  orbital  constellation  to  serve  a  customer  at  any  time  moment.  In  case  if 
both  continuous  and  worldwide  (global)  telecommunication  requirements  are 
specified  than  for  the  orbital  constellation  selection  problem  it  means  that  the 
customer  has  in  the  radio  visibility  zone  even  one  satellite  in  any  point  of  the  Earth’s 
surface  in  each  time  moment. 

It  should  be  observed  that  the  continuity  requirement  is  rather  rigid  and  in  order 
to  answer  the  requirement  to  be  used  significant  number  of  satellites  in  the  orbital 
constellation.  In  practice  frequently  the  full  telecommunication  continuity  is  not 
required,  and  it  happens  enough  that  it  was  executed  with  P  probability  close  to  1 . 
Therefore  further  orbital  constellation  will  be  considered  that  provide  global  and 
continuous  telecommunication  with  various  values  of  P  probability. 

On  the  one  hand  the  requirement  of  telecommunication  hardware  small  pow'er 
consumption  means  that  satellite  orbital  altitude  should  be  minimum  possible.  On  the 
other  hand  the  requirement  both  continuous  and  worldwide  (global) 
telecommunication  does  necessary  increasing  altitude  and  inclination  of  satellite’s 
orbits.  As  a  rule,  altitude  and  orbital  inclination  are  chosen  on  the  basis  of  the 
following  set  of  factors:  satellite  mass,  power  capabilities  of  the  "the  terminal  - 
satellite"  radio  link,  presence  appropriate  launcher  and  launching  polygons,  launch 
cost,  radiation  intensity  at  selected  altitude,  satellite  lifetime  period  and  so  on.  The 
NPO  PM  experience  of  activities  have  shown  that  for  such  problems  near-circular 
orbit  with  the  orbital  altitude  of  1500  km  is  most  appropriate.  For  the  launching  it  is 
expedient  to  use  the  launcher  "Rockot"  that  is  able  remove  simultaneously  to  this 
altitude  up  to  4  satellites  (satellite  mass  no  more  than  250  kg). 

For  maintenance  the  orbital  structure  stability  the  satellites  should  have  identical 
mean  values  of  the  following  orbital  parameters:  semi-major  axes  ( a  ),  eccentricity  (  e 
)  and  inclination  (  i  )  .  In  this  case  precession  rate  and  precession  direction  of  all 
orbital  planes  are  identical,  so  the  mutual  position  of  planes  varies  unsignificantly  in 
space  on  long  duration  of  satellite  lifetime. 
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Thus,  the  orbital  structure  selection  problem  of  the  "Gonez"  space  system  is 
reduced  to  finding  minimum  number  of  satellites  ensuring  single  continuous  (with  the 
probability  P)  and  global  cover  at  the  following  limitations: 

•  The  nominal  altitudes  are  equal  1500  km  for  all  satellites  and  all  orbits 
have  the  identical  nominal  eccentricity  and  inclination; 

•  Amoimt  of  satellites  in  each  plane  should  be  multiple  4; 

•  Values  of  64®,  72®,  and  82®  can  be  specified  as  the  satellite  orbital 
inclination  (only  for  these  inclinations  there  are  mastered  injection  routes 
for  the  "Rockot"  launcher  from  the  space  port  Plessezk); 

•  In  case  of  the  correctable  orbital  structure  the  consumption  of 
characteristic  velocity  should  not  exceed  22  m/sec,  just  such  reserve  is 
provided  by  the  "Gonez"  satellite  platform. 

It  should  be  noted  that  the  given  problem  can  have  not  the  unique  solution,  i.e. 
there  can  be  some  structures  with  the  close  characteristics.  In  this  case  additional 
criteria  are  necessaiy  for  selection  of  one  orbital  structure  from  the  several  solutions 

of  the  given  problem.  As  one  criterion  from  such  criteria  is  value  of  a  customer 
elevation  angle  for  that  telecommunication  should  be  provided.  Additional  orbital 
structures’  comparison  criteria  connected  with  telecommunication  waiting  period  by  a 
customer  will  be  entered  further. 

Telecommunication  parameters  &  characteristics 
evaluation  for  various  orbital  structures 


In  order  to  evaluate  telecommunication  parameters  and  characteristics  the 
telecommunication  process  simulation  was  performed  for  the  whole  the  Earth  s 
surface  for  various  orbital  structures.  The  basic  telecommunication  characteristics 
were  obtained  by  the  statistical  simulation  of  the  telecommunication  process  on  the 
whole  Earth’s  surface.  Mathematical  model  of  the  telecommunication  process 
including  satellite  motion  model,  the  Earth’s  rotation  about  the  axis  and  the  customer 
position  on  the  Earth’s  surface,  and  the  telecommunication  process  parameters  were 
selected  so  that  to  ensure  accuracy  of  the  obtained  characteristics  within  the  limits  of 
1%...3%,  that  has  allowed  to  reveal  with  a  sufficient  reliability  the  orbital  designs’ 
particularity. 

The  orbital  constellation  for  which  their  telecommunication  characteristic 
calculations  were  performed,  having  been  designed  as  follows: 

•  the  adjacent  planes  are  biased  with  regard  to  each  other  plane  (except  first 
and  last  planes)  on  interplanar  displacement  value  (AQ)  that  is  shown  in  each 
particular  case  (stnicture  is  created  so  that  the  satellites  from  adjacent  planes,  except 
first  and  last  plane,  moved  in  parallel  and  their  routes  have  covered  the  Earth’s 
territory  most  effectively  at  the  expense  of  interplanar  shift); 

•  phasing  satellites  is  uniform  in  plane  (the  phase  shift  value  is  equal  360/k  in 

a  plane); 

•  phasing  satellites  in  various  planes  is  performed  in  such  manner  that 
satellites  in  adjacent  orbital  planes  are  biased  with  regard  to  each  other  on  the  half¬ 
value  of  phase  shift  in  the  plane. 
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Asa  rule  satellite  system  chai'acteristics  lie  in  the  essential  power  of  the  abonent 
position  latitude  therefore  the  analysis  of  the  telecommunication  characteristics 
depending  on  the  latitude  occupies  an  important  place.  Some  latitudes  values:  0”,  20°, 
40 ,  50  ,  60°,  70°,  and  80°  were  chosen  with  a  view  to  calculate  parameters’ 
dependence  from  the  latitude. 

The  orbital  structures  comparison  criterion  for  worldwide&continuous 
telecommunication  is  the  elevation  angle  of  customer  activity  for  which  this 
worldwide&continuous  telecommunication  is  achieved.  It  is  not  enough  of  one  this 
criterion  for  the  orbital  structures’  comparison,  however.  Let's  enter  the  additional 
telecommunication  characteristics  permitting  to  compare  structures  at  different  phases 
of  systems’  deployment: 

•  waiting  period  with  probability  1.0-  t,  g  (guaranteeing  waiting  period); 

•  waiting  period  with  probability  0.9  -  t„y, 

•  waiting  period  with  probability  0. 8  -  t„y, 

•  mean  waiting  period  t,nean  - 

These  characteristics  are  determined  for  a  certain  latitude  and  can  be  interpreted 
as  follows: 

tiQ  is  the  greatest  period  of  waiting  satellite  for  100  %  of  possible  customers  on 
the  specified  latitude; 

^fl.sare  the  greatest  periods  of  waiting  satellite  for  90  %  and  80  %  of  possible 
customers  on  the  specified  latitude; 

^mean  determines  a  waiting  period  averaged  for  all  possible  customers  on  the 
given  latitude. 

Table  1  shows  the  6x8  structures’  basic  parameters  which  values  provide 
continuous  (with  probability  1)  worldwide  service  for  the  90°,  82°,  and  72° 
inclinations. 


Table  1 


Inclination 

Interplanar  displacement 
(AQ) 

Elevation  angle 

90° 

32.5° 

14.5° 

82° 

33° 

14° 

72° 

35° 

13° 

Thus,  table  1  shows  that  the  greatest  elevation  angle  is  provided  at  inclination 
value  90°.  However  given  inclination  does  not  satisfies  limitations  on  injection  routes 
and  besides  above  poles  some  satellites  come  together  in  orbital  points  and  there  is  a 
probability  of  their  collision.  Nevertheless,  in  case  of  given  inclination  an  orbital 
structure  has  the  best  telecommunication  characteristics  and  consequently  it  is  given 
for  a  comparison  in  further. 

Table  2  provides  the  teleeomrnunication  characteristics  of  orbital  structures  for 
90°,  82°,  and  72°  inclination  values  at  elevation  angle  a=  30°. 
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Table  2 


Waiting  period  with  probability  P,  minute 

^mean 

nxk 

<f> 

P=1.0 

P=0.9 

P==0.8 

i=90° 

i=82° 

1=72° 

1=90° 

1=82° 

1=72° 

1=90° 

1=82° 

1=72° 

1=90° 

1=82° 

1=72° 

3*4 

0 

180 

179 

179 

119 

122 

132 

87.6 

94.4 

44.1 

44.1 

45.1 

20 

179 

179 

178 

112 

116 

124 

81.5 

84.1 

90.3 

40.4 

41.1 

43.4 

40 

151 

150 

161 

82.4 

87.9 

95. 

50.6 

58.5 

66.5 

26.7 

28.5 

31.8 

50 

95.9 

111 

169 

49.8 

57.9 

49. 

20.9 

28.7 

19.6 

16.4 

18.4 

17.8 

60 

38.9 

90.3 

205 

17.6 

18.6 

28. 

14.3 

14.7 

13.8 

7.4 

8.3 

15.5 

70 

19.6 

40.1 

214 

9.6 

11.9 

56. 

6.2 

7.3 

13.5 

3.3 

3.5 

18.3 

80 

9.5 

19.6 

305 

2.2 

6.0 

120 

0.7 

3.1 

19.6 

0.5 

1.8 

29.5 

6*4 

0 

37.9 

62.7 

62.8 

20.0 

20.2 

21.2 

15.9 

16.1 

16.3 

8.6 

8.6 

8.8 

20 

37.0 

52.1 

35.1 

18.3 

18..7 

18.6 

15.0 

15.3 

15.1 

8.0 

8.1 

7.9 

40 

21.9 

34.8 

49.3 

15.1 

15.5 

16.1 

10.7 

11. 1 

12.3 

5.2 

5.4 

5.9 

50 

37.6 

38.8 

39.7 

11.0 

12.8 

12.6 

6.6 

7.7 

8.6 

3.5 

3.9 

4.1 

60 

19.2 

35.6 

47.9 

5.4 

6.0 

8.6 

3.8 

3.6 

1.8 

1.8 

1.9 

2.4 

70 

6.9 

20.1 

83.8 

3.3 

2.9 

10.9 

1.9 

0.3 

2.6 

0.8 

0.9 

3.6 

80 

4.8 

12.3 

149. 

0.1 

1.3 

18.5 

0 

0 

6.6 

0.1 

0.3 

9.0 

6*8 

0 

30.8 

30.0 

29.1 

6.5 

6.7 

7.7 

3.8 

3.9 

4.3 

2.3 

2.4 

2.6 

20 

20.7 

19.7 

28.0 

5.0 

5.2 

5.1 

3.1 

3.3 

3.2 

1.6 

1.6 

1.6 

40 

7.2 

20.7 

8.3 

2.9 

3.2 

3.7 

1.2 

1.5 

2.1 

0.7 

0.8 

0.9 

50 

19.5 

5.6 

19.1 

1.4 

1.7 

2.6 

0 

0 

0.6 

0.4 

0.4 

0.6 

60 

4.7 

18.9 

40.6 

0 

0 

1.0 

0 

0 

0 

0.1 

0.2 

0.7 

70 

0 

0 

63.3 

0 

0 

1.5 

0 

0 

0 

0 

0 

1.6 

80 

0 

0 

141. 

0 

0 

6.9 

0 

0 

0 

0 

0 

6.0 

Table  3  provides  the  telecoirufnuiiication  characteristics  of  orbital  structures  for 
90°,  82°,  and  72°  inclination  values  at  elevation  angle  a=  15°. 


Table  3 


nxk 

(P 

Waiting  period  with  probability  P,  minute 

P 

^mean 

P=1.0 

P=0.9 

P=0.8 

i=90° 

00 

o 

i=72° 

i=90° 

i=82° 

i=72° 

i=90° 

i=82° 

i=72° 

i=90° 

i=82° 

i=72° 

3*4 

0 

120 

119 

117 

54.9 

57.4 

64.7 

22.8 

22.1 

27.9 

15.8 

16.1 

17.7 

20 

93.6 

92.4 

116 

42.8 

45.6 

51.3 

16.6 

17.3 

19.3 

12.8 

13.3 

14.3 

40 

38.6 

61.3 

72.8 

14.3 

14.6 

15.4 

11.0 

11.2 

11.5 

5.6 

5.6 

6.0 

50 

19.1 

45.7 

79.9 

11.1 

11.3 

12.1 

7.8 

7.9 

8.6 

3.4 

3.5 

4.5 

60 

42.6 

16.3 

86.8 

4.5 

6.7 

10.0 

1.7 

2.5 

5.7 

1.2 

1.6 

3.4 

70 

10.6 

14.2 

49.9 

0 

0.7 

9.2 

0 

0 

3.9 

0.1 

0.3 

2.3 

80 

7.9 

13.9 

18.7 

0 

0 

7.0 

0 

0 

2.1 

0.01 

0.02 

1.7 

6*4 

0 

15.9 

16.2 

16.8 

7.4 

7.6 

8.8 

3.0 

3.2 

4.3 

1.8 

1.8 

2.1 

20 

15.3 

15.6 

16.0 

8.3 

8.4 

8.0 

3.6 

3.9 

4.1 

2.0 

2.1 

2.0 

40 

14.3 

14.5 

23.2 

1.2 

1.7 

3.7 

0 

0 

0.7 

0.4 

0.5 

0.9 

50 

13.5 

16.7 

34.8 

0 

0 

0 

0 

0 

0 

0.1 

0.1 

0.3 

60 

2.7 

14.9 

15.3 

0 

0 

0 

0 

0 

0 

0.02 

0.1 

0.4 

70 

0 

2.5 

18.3 

0 

0 

0 

0 

0 

0 

0 

0 

0.5 

80 

0 

0 

11.4 

0 

0 

0 

0 

0 

0 

0 

0 

0.1 
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The  analysis  of  orbital  stability 


The  system  stability  is  provided  by  selection  of  nominal  orbital  parameters 
identical  to  all  satellites  of  system,  and  by  correction  of  elements  which  evolution 
disturbs  a  mutual  satellite  position  in  the  system.  To  provide  for  the 
telecommunication  characteristics’  stability  on  satellites’  lifetime  period  and  for 
maintenance  of  the  orbital  structure  it  is  necessary  to  correct  the  satellite  position  on 
orbit  as  for  the  latitude  argument,  and  also  to  supply  a  stable  position  of  planes.  It  is 
important  to  define  required  reserves  of  onboard  characteristic  velocity  and  it  layout 
for  various  maneuvers. 


Fig.l.  The  structure  of  the  system  (6x8). 


Fig.l  shows  the  general  view  of  the  system  6x8  with  inclination  value  82°. 
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Drift  values  of  orbital  plane  position  from  its  nominal  position  on  the  time 
interval  7  years  on  account  of  the  launcher  ascent  errors  on  the  inclination  and  the 
altitude  see  in  Table  4. 

Table  4 


Orbital  plane  evolution  on  the  time  interval  7  years 


i,  degree 

H,  km 

Ai,  degree 

Aa,  km 

AQ,  degree 

90 

1500 

0 

30 

4.3 

0.05 

0 

10.6 

82 

1500 

0 

30 

22.3 

0.05 

0 

10.5 

72 

1500 

0  ^ 

30 

49.6 

0.05 

0 

10.1 

Drift  values  of  satellite  orbital  plane  position  from  its  nominal  position  on  the 
lifetime  7  years  on  account  of  the  launch  ascent  errors  on  the  inclination  and  the 
altitude  will  constitute  for  the  nominal  inclination  82°; 

•  ±10°  on  the  altitude; 

•  ±22°  on  the  inclination. 

Besides,  on  account  of  the  atmospheric  resistance  depending  on  solar  activity 
the  "Gonez"  system  satellite  will  lose  per  day  in  the  semi-major  axis  from  6  cm  up  to 
1.5  cm  ,  as  a  consequence  uncontrolled  satellite  drift  results  on  the  latitude  argument. 

The  analysis  of  these  data  allows  to  determine  the  correctable  parameters’ 
structure,  to  determine  the  correction  periodicity  and  to  determine  required  reserves  of 
characteristic  velocity  for  maneuver  realization  on  orbit. 

First  of  all,  for  stable  system  operation  it  is  necessary  to  remove  the  satellite 
launch  ascent  errors  on  the  altitude,  the  eccentricity  and  the  inclination  and  also  to 
keep  satellite  on  latitude  argument.  The  launch  ascent  errors  are  eliminated  once  at 
once  after  the  satellite  laimch  ascent  into  orbit.  Simultaneously  with  it  the  satellite  is 
positioning  to  a  nominal  position  on  the  latitude  argument.  Two  kinds  of  satellite 
position  correction  are  used  for  it:  the  inclination  correction  and  the  orbital  period 
correction. 

During  evolution  the  orbital  constellation  begins  to  go  away  on  the  latitude 
argument.  The  latitude  argument  correction  is  implemented  by  the  orbital  period 
correction  and  is  carried  out  periodically  on  satellite  lifetime.  For  satellite-keeping  on 
orbit  with  accuracy  ±0.2°  (it  is  necessary  for  maintenance  of  the  telecommunication 
characteristics’  stability)  the  orbital  correction  should  be  implemented  once  per  three 
weeks. 

There  is  onboard  propellant  budget  permitting  to  realize  22  m/sec  of 
characteristic  velocity.  No  more  than  14  m/sec  of  characteristic  velocity  is  consumed 
for  elimination  of  the  satellite  launch  ascent  error  on  altitude.  For  elimination  of  the 
satellite  launch  ascent  error  on  the  inclination  it  takes  no  more  than  6  m/sec  of 
characteristic  velocity.  The  satellite  position  correction  on  the  latitude  argument  will 
require  less  than  0.3  m/sec  of  characteristic  velocity. 

In  order  to  realize  the  inclination  correction  the  correcting  momentum  is 
implemented  perpendicularly  to  orbital  plane  when  satellite  is  passing  the  equator.  For 
realization  of  the  orbital  period  correction  the  correcting  momentum  is  implemented 
on  the  direction  or  against  direction  of  satellite  velocity  vector.  The  correcting 
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momentum  is  implemented  in  the  time  moment  ensuring  minimum  value  of  the 
eccentricity. 

This  kinds  of  orbital  corrections  are  realized  by  appropriate  Orbit  Control 
Propulsion  Units  that  are  included  in  the  "Gonez"  platform  structure  developed  by 
NPO  PM. 


V.  Bartenev 


8 


HcTopHfl  H  nepcneKTHBM  paaBHTna  chctcm  ynpaBJieHHfl  cnycKOM 
SecKpbuibix  KocMHraecKHX  annapaxoB 


C.H.KyapaBiieB 

IJHHHMAIII 

141070,  r.KopojicB,  MocKOBCKan  oOjiacxb 
yj]  .niioHepcKaH,  4 
xeji  513-56-24 


KojTiiqecxBO  ocymecxBjieHfibix  b  MHpe  noca^tOK  niuioxHpyeMbix  KA 
npHOjiiDKaexcii  k  B;ByM  coxhhm.  Kaxcaaa  noca^Ka  -  axo  peayjibxax  ycneuiHO- 
ro  penieHHH  KOMiuieKca  HayHHo-xexHuqecKHX  npoOjieM,  o^hoh  h3  Koxopbix 
jiBJiaexca  opraHH3aii:ii>[  ynpaBjicmia  ^BHXceHHeM  KA  iipn  cnycKe  b  luioTHbix 
cjioiix  axMoc(J)epbi. 

OOpaxHMCH  K  HcxopHH  co3Zi;aHHa  CHCX6M  ynpaBjieHHH  cnycKOM  b  Ha- 
ineH  cxpaHe.  nepBbie  KA  OajijmcxHraecKoro  xnna  HMejiH  paaMepbi  oOjiacxH 
paccenBaHHH  600  km  b  npofl;ojibHOM  h  flo  100  km  b  6okobom  nanpaBjie- 
HHHX.  yxoHHeHHe  iiapaMexpoB  KA  h  xapaKxepHcxHK  axMOc4)epbi,  a  xaKXce 
ycoBepiueHCXBOBaHHe  cHcxeMbi  yiipaBjicHna  npH  cxo^e  c  opOHXbi  no3BOJiH- 
jiH  yMCHbiuHXb  paccenBaHne  b  npo/iojibHOM  h  Ookobom  HanpaBjieHiMX  flo 
300  KM  H  60  KM  cooxBexcxBeHHO.  IIoaBJieHHe  CA  ynpaBJiMeMoro  cnycKa 
("C0103"  B  KOHiie  60-x  roflOB)  c  ripocxeniueH  aHajioroBOH  cHcxeMoii  ynpas- 
aemiB  nosBOJiHjio  eiii;e  6ojiee  cnH3HXb  pasMepw  oOaacxH  pacceHBaHna  a 
AOBecxH  Hx  flo  120  Ha  60  KM.  Co3/i;aHHe  cHCxeMW  ynpaBJieraia  cnycKOM  na 
6a3e  6opxoBoro  iiHc^poBoro  cneaBbWHCjiHxejiH  ("Cok)3  T",  "C0103  TM") 
oOecneHHJio  xohhocxb  noca^KH  He  X3*e  30  km  KaK  no  npo^tojibHoii,  xaK  h 
HO  6OKOBOH  flaJIbHOCXH. 

O^HOH  H3  ocHOBHbix  sa^aH  opH  opraHH3au,HH  cnycKa  KA  HBJiaexcfl 
BbiOop  pafloHa  fljia  OeaonacHOH  iiocaflKH.  PasMepbi  axoro  panona  onpe^e- 
jiiHoxca  pacceHBaHHeM  xoneK  npnaeMJieHHM  KA.  Hcnojibayebm  b  Hacxoflinee 
BpeMH  nojinroH  nocamcn  Ha  ceBepo-aana^ie  KaaaxcxaHa  HMuex  flocxaxoHHO 
Oojibinne  pasMepbi,  o^iHaico  cymecxByex  pm  ero  ocoOeHHOCxeH,  Bce  Oojiee  h 
6ojiee  aaxpyflmiiomHX  opraHHaanmo  noca^tKH.  TaK,  nocaflKa  b  ox^ajieHHbix 
ox  xonibii  nycxbiHHMX  pattonax  nojiHrona  cB^aana  c  Oojibiuhmh  aaxpaxaMH 
Ha  npoBe;i;eHHe  noHCKOBO-aBaKyau,HOHHbix  pa6ox.  yBejiHHHBaexca  miox- 
Hocxb  HacejieHHBi  h  npoMbiuuieHHbix  o6T>eKXOB,Hxo  nacxo  aaxpysHflex  BbiOop 
Mecxa  nocaflKH  j^axce  b  OjiaronpuaxHWX  panonax.  HanOojiee  cymecxBeHHoii 
oco6eHHocxbio  HBjiaexca  oSpexenne  KaaaxcxanoM  rocyfl;apcxBeHHOH  HeaaBH- 
CHMOCTH,  Hxo  HOBJieKJio  3a  C060H  3HaHHxejibHoe  yc.rioxcHeHHe  opraHHaanHH 
paOoxbi  noHCKo^  -cnacaxeJibHOH  cjiyacObi  n  ^ocxaBKH  aKHnaxcen  KA  b 
MocKBy.  B  cBa3H  c  axHM  BecbMa  aKxyajibHbiM  aBJiaexca  opraHHaaima  no- 
ca/iKH  KA  Ha  poccHHCKon  xeppHXOpHH.  0;i;HaKo  hcoOxojihmo  BbiOpaxb  h 
oOopyfloaxb  nojinroH  noca^IKH,  KoxopwH  noaBOjiBJi  6bi  oSecneHHBaxb  bo3- 
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MOXHocTb  6e3onacHOH  nocaaiCH  Ha  HecKojibKHX  BHXxax  b  Kaxcflbie  cyrioi 
nojieTa.  B  3thx  ycjioBHHX  Bbi6op  HOBoro  nojinroHa  noca^KH  flaxce  Ha  or- 
poMHOH  xeppHTopHH  PoccHH  mniiexcH  KpaHHe  Henpocxoii  aaflaneH.  Oco- 
6eHHO  ocxpo  cxoHX  aaflana  Bbi6opa  paHona  nocaflKH  b  rycxonacejieHHOH 
EBpone  pjiH  B03Bpam6HH.a  SKHnaxcen  MexgiyHapo^iIHOH  kocmkhcckoh  cxan- 
UHH  Ha  npoeKXHpyeMOM  eBponencKOM  KA. 

OxMeneHHbie  o6cxoHxe;ibcxBa  narjiaziHo  noKaswBaiox  6ojibiiiyio  axxy- 
ajibHocxb  yBejiHHeHHa  xohhocxh  noca^KH.  PeineHHe  axoH  xexHHHecKOH  3a- 
B;aHH  B  pafle  cji>^aeB  Moxcex  cxaxb  eflHHcxBeHHbiM  cnoco6oM  o6ecneMeHHH 
B03M0XCH0CXH  6e3onacHoro  BOSBpameHHii  KA  Ha  SeMjiio.  OHeBH^HO,  npH 
paaMepax  o6jiacxH  pacccHBaHHa  xonex  npHaeivuicHHa  KA  nopn^Ka  KHJTOMex- 
pa  Ha  xpacce  npaKXH^iecKH  jiK)6oro  bhxkb,  npoxo;i,a]nero  Haa  xeppHxopHeH 
rocyaapcxBa-Bjiari;ejibu;a  KA,  mo^kho  Bbi6paxb  6jiaronpnaxHbiH  paHOH  no- 
ca^KH. 

CymecxByEox  /ipa  HanpaBJicHna  paaBHxmr  chcxcm  ynpaBjieHMa 
cnycKOM  KA.  IlepBoe  -  3xo  nanpaBjieHHe  flajibHenmero  coBepniencxBOBa- 
HKa  aBXOHOMHbIX  CHCXCM.  yBCJIHaCHHC  XOMHOCXH  HOCaflKH  KA  B  3XOM  CJiy- 
aae  /locxHraexca  npHMCHCHHCM  bwcokoxohhwx  aBXOHOMHbix  HaBHraHHOH- 
Hbix  CHCXCM  H  ajiropHXMOB  HaBCflCHHa,  pCajIH30BaHHbIX  Ha  MOIHHblX  6opxo- 
BblX  BblHHCJlHXCJiaX.  HeB,OCXaXKOM  3X0X0  HanpaBJICHHR  aBJMCXCa  CJIOXCHOCXb, 
BbICOKHC  BCC  H  CXOHMOCXb  HaBHraHHOHHOXO  o6opyp,OBaHHa.  xaKoro 

ycoBcpmcHcxBOBaHHa  cyiu;ecxE;yK)mHe  KA  "C0103TM"  HcnpHXO^Hbi.  Hcko- 
xopoc  noBbimcHHc  xohhocxh  hx  noca^KH  npH  aBxoHOMHOM  ynpaBJTCHHH 
B03M0XCH0  nyxcM  zi;opa6oxKH  a^iropHXMa  HaBCflCHHa,  pcaansoBaHHoro  b  6op- 
XOBOM  BbiMHCJiHXCjTC  CHycKacMoxo  aHHapaxa, 

ApyTHM  HanpaBJICHHCM  paXBHXHH  CHCXCM  yiipaBJICHHH  CnyCKOM  aB- 
jiaexca  coaziaHHe  KOMSHHHpoBaHHWx  chcxcm,  HcnojibayiomHX  juisi  xohhoxo 
HaBCflCHHa  BHcmHcxpacKxopHyio  HH(3)opMaHHio.  HaH6ojiee  Ha^excHOH  hh- 
(J)opMai^HeH  xaKoro  po^a  aBaaioxca  flaHHwe  paB;HOTcxHHaecKHX  hbmcpchhh 
napaMcxpoB  xpacKXopHH  cnycica,  npoBOB;HMbix  jih6o  HaacMHWMH  cxaHHHa- 
MH  CJlCXCCHHa,  JIh6o  cnyXHHKOBOH  HaBHXaHHOHHOH  CHCXCMOH.  npH  3XOM  Ha 
6opxy  KA  Hc  xpeSycxca  Hajinana  bwcokoxohhoh  aBxoHOMHOH  chcxcmm. 
MHHHMyM  Bcca  zi:ono.TiHHxejibHoro  SopxoBoro  o6opyB;oBaHHa  B;ocxHracxca  b 
cxcMC  KOMSHHHpoBaHHOH  cHcxcMbi  c  paflHoynpaBJiCHHCM.  B  3XOM  cjiyaac  b:o 
BoccxaHOBjicHHa  paxtHocBaaH  ynpaBJicHHC  ocymecxBJiaex  npocxaa  asxoHOM- 
Haa  cHcxcMa.  riocae  BoccxanoBJicHHa  pa^HocBaan  naacMHaa  jih6o  cnyxHH- 
KOBaa  H3MepHxejibHaa  ciicxcMa  c  3aB;aHHOH  aacxoxoH  npoH3BOflHX  onpcflc- 
JTCHHC  napaMcxpoB  xpacKopHH  cnycKa,  no  peayjJibxaxaM  Koxoporo  b  naacM- 
HOM  KOMHbioxcpc  paccHHXbiBaioxca  SHaacHHa  KOMaHflHoro  yxjia  Kpena,  nc- 
peaaBacMbie  Ha  6opx  KA.  Peayjibxaxbi  Hccjiep,OBaHHH,  npoBcacHHWX  b  I|eH- 
xpe  3^paBjicHHa  noaexoM  h  ApyxHX  opraHHaannax,  noKaaajiH,  axo  na  co- 
BpcMCHHOM  3xarie  paaBHXHa  xcxxihkh  npoSacMbi  opraHHaaijHH  paB;HocBa3H, 
nepcflaan  flaHHbix  h  BbinojiHCHHJi  b  pcajibHOM  Maciuxa6c  BpcMCHH  bccx  hc- 
o6xo7iHbix  BbPiHCjicHHH  aBaaioxca  bhojihc  paapcmHMWMH.  TaKOH  cnoco6 
no3Boaaex_HpHBecxH  KA  xnna  "Coioa  TM"  b  xoaxy  BBo/^a  napamioxHOH  ch- 
cxcMbi  c  i^aftcHMajibHOH  ouihSkoh  nopaflKa  1  km. 


yMeHbineHHe  bjihmhiw  Bexpa  Ha  axane  napaimoxHpoBaHHH  mokcx 
6mxi>  j^ocxHXHyxo  nyxeM  saSjiaroBpeMeHHoro  onpeflejieHHH  BejiEraHHW  h  Ha- 
npaBJicHHa  BexpoBoro  cHoca  h  BHeceHna  cooxBexcxByiomHX  nonpaBOK  b 
KoopziHHaxbi  xoHKH  BBO/Xa  iiapamioxa.  IlojiHaH  KOMneHcaiiHH  BexpoBoro 
cHOca  flocxHxaexcH  nocpeflcxBOM  npHMeHeHiM  ynpaBji^ieMoro  napauiioxa, 
npHHeM  B  3XOM  cjiynae  BOSMOiKHbi  xaioKe  KOMneHcai],H5i  oiuhSkh  cHcxeMW 
ynpaBjicHHii  cnycKOM  h,  b  npHHHHne,  oSecneqeHHe  npaKXHHecKH  HyjieBoro 
npoMaxa  npH  nocaXKe. 

OflHHM  H3  HanpaBJieHHH  pasBHXHa  cHcxeM  MaxKOH  noca^UCH  JiBJiaexcii 
cosflaHHe  peaKXHBHbix,  x.e.  SecnapamioxHbix  CHCxeM.  3xh  cHcxeMbi  aacjiy- 
xcHBanyx  caMoro  npHcxajibHoro  BHHMaHiw  b  cBasH  c  hx  cymecxBeHHbiMH 
npenMymecxBaMH  nepe/i;  napaiuroxHO-peaKXHBHbiMH  cHcxeMaMH.  TaK,  b 
3XOM  cjiy^ae  npaKXHHecKH  nojiHocxbio  oxcyxcxByex  BexpoBOH  choc.  Ilepefl 
npH3eMJieHHeM  KA  Moxex  Bbino.xHHXb  aasHcaHHe  Ha  Bbicoxe  HCCKOJibKHX 
/lecOTKOB  McxpoB,  a  3Knnaxc  nocjie  BHsyajibHOH  ohchkh  Mccxa  npMseMjreHMH 
c  noMombK)  pyHHoro  ynpaBjicHHH  o6ecneHHX  Gesonacnyio  nocaflKy.  PeaK- 
XHBHbie  flBHXaXejlH  CHCXCMbl  WLHrKOH  IIOCaflKH  MOryTT  HaHXH  KOMIUieKCHOe 
npHMeneHHe  Ha  KA  b  Ka^iecxBe  flBHxaxejieH  chcxcmm  aBapHHHoro  cnaccHHa 
H  flBHxaxejieH  op6HxanbHoro  MaHeBpHpoBaHHa,  hxo  cymecxBCHHo  chh3HX 
Maccy  co6cxBeHHO  chcxcmw  mhfkoh  nocaxi;KH. 

HxaK,  Ha  coBpeMCHHOM  3xane  paaBHXHH  xcxhhbch  bhojihc  bobmoxcho 
C03flaHH6  CHCXCM  ynpaBJICHHH  CnyCKOM  H  CHCXCM  mXKOH  nOCaUKH,  KOXO- 
pbie  chocoShm  oGecneqHXb  iuioii]:aflb  o6jiacxH  pacccHBaniw  xo^ieK  npH3eM- 
GecKpbUibix  BOSBpamacMbix  KA  c  MajibiM  a3po;i;HHaMEraecKHM  Ka- 
qecxBOM  nopqji;Ka  cahkhu,  KBa^paxHbix  KHJioMexpoB. 


C.KyApaBiicB 


CoBpeMeHHbie  aafla^H  onepaxHBHoro  SajuiHCXEraecKoro  oGecne^e- 
HHH  crrycKa  kA  na  SeMJiio. 

C.H.KyflpHBiieB 

IJHHMMAni 

141070,  r.KopojieB,  MocKOBCKaa  oGjiacxb 
yji.IlHOHepcKaji,  4 
xeji  513-56-24 


EjKeroflHO  HecKOJibKo  flecaxKOB  KocMuraecKHX  oGbeKxoB  BOSBpamaiox- 
ca  Ha  SeMJiio.  PaccMoxpHM  ocuoBHbie  KJiaccbi  KA,  b  GajiaHcxHaecKOM 
oGecneaeHHH  cnycKa  Koxopbix  npHHHMaex  yaacxHe  IJ,eHxp  ynpaBjieHHa  no- 
jiexaMH,  Moxcho  BbmejiHXb  6  xaKHX  KJiaccoB  h  nepeHHCjiHXb  saaaaH,  pe- 
luaeMbie  Ha  aasepmaiomeM  axane  nojiexa  KA. 


1.  riHjioxHpyeMbie  xpancnopxHbie  KopaGjiH  "Coioa  TM".  Pemaroxca 
oGecne'xeHHH  mxaxHbix,  /tocpoHHbix,  cpoHHbix  h  aBapHHHbix  cnycKOB 
Ha  ocHOBHOH  H  pescpBHwe  nojiHXOHbi  nocap,KH.  K  3xhm  3aB;aaaM  oxHocaxcai 

-  pacnex  KOMaHUHo-ycxaBOBHoii  HH(})opMau:HH  miR  peajiaaaHHH  cnyc- 
Ka  B  mxaxHbix  h  npeflycMoxpeHHbix  nemxaxHbix  cHxyamiflx; 

-  npomosHpOBaHHe  opGnxajibHoro  ^BEraccHHa  KA  c  pejibio  onpeB:e- 
jieHHB  napaMexpoB  opGnxbi  Ha  bhxkb  cnycKa; 

-  Mo^ejiHpoBaHHe  npopeccoB  paccxbiKOBKH  h  yBO/ia  KA  ox  opOn- 
xajibHOH  cxaHHHH  (OC); 

-  pacnex  napaMexpoB  oxHocHxejibHoro  /tBUXceHHH  KA  h  OC  nocae 
paccxbiKOBKH,  aHajiH3  6e3onacHocxH  npHHaxoH  cxeMbi  paccxbiKOBKH  h  na- 
aeacHocxH  npoBeB,eHHa  aanjiaHHpoBaHHbix  sKcnepHMeHxoB; 

-  pacHex  napaMexpoB  xpaeicropnH  cnycKa  Bcex  cjiyacG  HaaeMHoro 
KOMHjieKca  ynpaBjicHPia; 

-  yxoHHeHne  xoxkh  noca^KH. 


2.  ABXOMaxHHecKHe  rpyaoBbie  KopaGjiH  "Ilporpecc  M",  Koxopwe  noc- 
jie  BbinojiHeHHa  nporpaMMbi  nojiexa  yBOB^axca  c  opGHXbi  b  uejiax  aaxoruie- 
HHa  aacMCHXOB  KOHCTpyKHHH  B  iiTycxbiHHOM  paHOHc  Thxoxo  oKeaHa.  Pa6o- 
xbi  no  oGecneaeHHK)  cnycKa  npoBojiaxca  xojibKo  npH  noztroxoBKe  h  npoBe- 
/leHHH  mxaxHoro  ysofla  KA  c  opGnxbi.  CocxaB  pemaeMbix  aaztan  xaKon  xce, 
KaK  H  ftjia  KA  "Coioa  TM". 


C.KyflpHBpeB 


3.  MoflyjiH  op6nTajibHbix  cTaHiiHH,  HaxoflamHecii  b  aBTOHOMHOM  no- 
jiexe,  H  op6nTajibHbie  cxaHPHH  (KOMiuieKcbi).  B  cjiy^iae  HeB03M0>KH0CXH 
flajibHCHmeH  SKcmiyaxauHHL  h  npn  HajinHHH  ;tocxaxoHHbix  sanacoOTonjiHBa 
Ha  6opxy  ohh  flojixcHbi  yBOAHXbCB  c  opGnxbi  aHajioriiHHO  KA  "nporpecc 
M".  Pa6oxbi  no  oSecneneHHio  cnycKa  npoBOflBXca  xojibKO  b  cjiynae  bo3Hhk- 
HOBeHHH  Ha  6opxy  Mo^iyjiH  aBapHHHon  cnxyaHHH  hjih  npn  roianoBOM  npe- 
KpaincHHH  cymecxBOBaHHfl  op6nxajibHOH  cxaHnHH.  Peinaioxca  cjie/nyiomHe 
3an;aHH: 

-  npoxHoanpoBaHHe  op6HxaxbHoro  ABHDKeHna; 

-  pacnex  KOMaHflHo-ycxaBOHHon  HH(J)opMaD;nii; 

-  pacnex  napaMexpoB  xpaeicxoproi  flJiB  Bcex  cjiyjK6  HaaeMHoro  kom- 
njiBKca  ynpaBJieHHH; 

-  yxoHHeHHe  panoHa  npHBOflHeHna  ojieMeHxoB  KOHcxpyKnun. 


4.  PoCCHHCKne  KA  C  4)yHK[i;HOHHpyiomHMH  6opXOBbIMH  CHCXeMaMH  H 
MaJIbIMH  OCXaXKaMH  XOELnHBa  Ha  6opXy,  He  n03B0JI5II0mHMH  BbinOJlHHXb 
mxaxHbiH  yBOfl  c  opSnxbi.  MMeexc^  BoxMOXCHocxb  onpeflejieHUM  napaxiexpoB 
opSnxbi  mxaxHbiMH  cpe/icxBaMii  h  ynpaBJieHiM  panoHOM  na^eHiM  nyxeM 
Bbiflann  He6ojibmHX  paaroHHbix  wm  xopMoxHbix  HMiiyjibcoB,  a  xaKxe  hsmc- 
HeHHeM  opHCHxaHHH.  KpoMC  xoro,  H3BecxHbi  Bce  xapaKxepHCXHKH  KA  n 
MOflCJib  ero  paapyiueHHB.  Pa6oxw  no  conpoBo:*^ieHHio  nojiexa  npoBojmxca 
nocxoiiHHo  flo  Bxofla  KA  b  axMocc[)epy.  PemacMbie  3aflanH  ; 

-  npoxHox  H  nocxoMHHoe  yxoHHeHne  B03MoxcHoro  flHana30Ha  flax 
Bxofla  B  axMoc4>epy  (6ojiee  neM  3a  5-7  cyxoK); 

-  nporH03  H  yxoHHeHHe  B03MoxcHbix  BHXKOB  nafleHHH,  onpefleflenne 
nacxen  cyiun  KaK  B03M0»:Hbix  pailoHOB  nafleHHa  (Menee  hcm  3a  1-2  cyxoK); 

-  npomoa  u  yxonHCHHe  panona  B03MoxcHoro  iiaflCHHfl  (aa  1-4  BUXKa); 

-  opraHH3au;iM  ynpaBfleniw  flBHXceHHeM  KA  na  nocfleflHCM  bhxkc  c 
neflbio  aaxoruieHPifl  b  aKBaxopHH  oKeana. 

npHMepoM  pa6ox  c  KA  xaKoro  Kjiacca  ABJiflexca  o6ecneHeHHe  aaaep- 
maiomero  axana  noflexa  rpyaoBoro  KopaSjifl  "nporpecc  M-17",  Bouiefliuero 
B  nfloxHbie  cflOH  axMoc4)epbi  3  Mapxa  1994  rofla. 


5.  PoccHHCKHe  KA,  nojiHocxbio  BbipaGoxaBinne  cboh  pecypc.  B  axoM 
cflyxae  pjm  conpoBOflCflenna  noflexa  KA  HcnoAbayioxca  pesyflbxaxbi  onpefle- 
flCHUH  opSnxbi  naccHBHbiMH  cpeflcxBaMH.  PemaioxcH  nepeHHCfleHHbie  Bbime 
aaflaflH.  OcoSeHHocxbio  aBJiflexca  oxcyxcxBHe  BoaMoxmocxH  ynpaBfleHHfl 
paiioHOM  nafleHHii.  npHMepbi  pa6ox;  opGnxaflbHbiH  KOMiifleKc  "CaflK)x-7"- 
"Kocmoc-1683"  (naflCHHe  7  1991  rofla),  coBexcKaa  flynnaa  Ka6HHa 

(10  fleKaSpfl  1995  rofla),  paaroHHbiH  Oaok  KA  "Mapc-96"  (17  HoaSpn  1996 
rofla). 


C.KyflpflBHeB 


6.  3apy6e:acHbi6  KA,  na/teirae  Koxopwx  Ha  3eMJiK)  Moxcex  npHHHHHXb 
3HaHHxejibHbiH  ymep6.  ConpoBoacaeHHe  xaKHX  KA  HMeex  cymecxBeHHoe 
cyrjiH'XHe,xaK  kbk  hx  xapaKxepncxHKH  Moryx  6bixb  HensBecxHbi  hjth  h3- 
BccxHbi  HexoHHO.  Moflejib  paapyiLueHHa  oxcyxcxByex.  B  xo^e  conpoBox<jieHHa 
nojiexa  pemaioxcH  xe  )Ke  xaflaHH,  hxo  h  ajib  pocchhckhx  KA,  BbipaSoxaBiuHX 
pecypc. 

B  KanecxBe  npHMepa  xaKOH  pa6oxbi  moxcho  npHBecxH  cjiexccHHe  3a 
KHxaHCKHM  cnyxHHKOM,  HMeBiuHM  cnycKacMbiH  annapax  (na^eHne  12  Mapxa 
1996  rofla). 

B  paGoxax  no  oGecneiicHHio  cnycKa  h  conpOBoxcaeHHio  KA  Ha  3a- 
BepinaiomeM  ynacxKe  nojiexa  npHHHMaioT  cjieAyiomHe  opraHHsauHH: 

-  HHcxHxyxbi  AKazi;eMHH  nayx  PO  (mohhxophhx  3eMjiHH  h  CojiHua); 

-  npezmpHHXiw-pa3pa6ox^[HKH  KA  (xapaKxepHcxHKH  KA); 

-  MHHHCxepcxBO  oGopoHbi  PO  (Ha3eMHbie  H3MepHxejibHbie  nyHKXbi, 
IJ^eHxp  KOHxpoxra  KocMnnecKoro  npocxpaHCXBa); 

-  MHHHCxepcxBo  HHocxpaHHbix  fleji  PO  (onoBemeHHe  HHocxpaHHbix 
rocyaapcxB); 

-  aHHHMAm. 

IJ;HHHMAI1I  BKjnonaex  p>y(  noapaaflejieHHH,  OyHKHHHMH  Koxopwx 
BRjHiexca  npoBCfleHHe  anajiHsa  KOHcxpyKHHH  KA  h  coGcxbchho  ynpaBJieHHe 
nojiexoM.  K  xataiM  noB,pa3;i^e;ieHHHM  oxhochxch  : 

-  I^CHXp  npOHHOCXH; 

-  IJ,eHXp  xeruiooGMena; 

-  U,eHxp  aapoflHHaMHKH; 

-  ll,eHxp  ynpaBJieHHii  nojiexoM. 

B  CBOK)  onepeab,  IJ^yQ  cocxohx  h3  cjie^iyiomHX  cjiyxcG:  -  rjiaBHaa 
onepaxHBHaa  rpynna  ynpaBjieHHfl  (cneii,HajiHcxbi  opraHHaa 

HliH-paapaGoTXHKOB  K\);  -  cjiyxcGa  xejieMexpirqecKoro  oGecneHeHna; 

-  cjiyxcGa  KOMaHBHo-nporpaMMHoro  oSecne^ieHHa; 

-  cjiyxcGa  6ajij][HcxHKo-HaBHraLi;HOHHoro  oGecneHeHna. 

PaGoxbi  no  GajumcximecKOMy  oGecnencHHio  cnycKOB  Bbinojinaioxca 
no/ipaa^iejieHHeM  cjiyxcGbi  BHO,  Koxopoe  HaabiBaexca  rpynnon  onepaxHBHo- 
ro  BHO  cnycB:oB.  IlepenncjieHHbie  Bbiine  aaflann  pemaioxca  c  noMombio 
KOMroieKca  nporpaMM,  peajraaoBaHHoro  b  nacxoamee  BpeMH  na  paGo^en 
cxaHiiHH  Hewlett  Packard.  Pemenne  ocHOBbiBaexca  na  hhcjichhom  MOflejiH- 
poBaHHH  flBHxceHHH  KA..  CoBpeMeHHbie  BbiHHcaHxejibHbie  cpe^cxBa  n  onxn- 
MajibHoe  nocxpoeHHe  nporpaMM  n  anropHxoB  oGecnennBaiox  BecbMa  bwco- 
Kyio  cKopocxb  iiojiyHeHHa  peayjibxaxoB. 


C.Kyj^piiBUCB 


nporpaMMHLiH  KOMiuieKc  HcnojibsyeTCH  c  1991  roaa.  Ochobhoh  ero 

OCo6eHHOCTbK)  aBJiaeTC^  BOSMOaOiOCTL  MOflejIHpOBaHHH  OrpOMHOrO  KOJIH- 
MecTBa  pa3Hoo6pa3Hbix  iiojicthbix  cHxyaiiHH,  hx  anajiHsa  h  onpeB,ejieHiM 
cnoco6oB  ynpaBjieHHH.  3to  aBHJiocb  ochoboh  no^xo^a  npH  cosflaHHH  kom- 
ruieKca  miR  oSecneqenHa  bosmoxchocth  ero  Hcnojib30BHiiH  juifi  ynpaBJieHHa 
nojiexoM  KA  b  inxaTHbix  h  HemxaxHwx  cHxyamMx. 


C.Kyflp^BiteB 


^HHaMHKa  KA  e  CHCxeivioH  rameniM 
yn[pyriDc  Kojie6aHHH  ero  KOHcxpyKHHH 

O.n.KjiHuieB,  A.H.Mi>ixapeB,  B.H.Pa6HHOBiiii,  rAHypHJioB 
141070  r,  KopojieB,  MocKOBCKaa  oGjiacxt 
yji.  riHOHepcKaH,  4 

PaccMaxpHBaexcii  flHHaMHKa  bwcokotoblhoh  opHeHxapHH  h 
CTaOHjiHBapHH  ocHaineHHoro  chcxcmoh  aKXHBHoro  raiueHna  ynpyrux 

KOJieOaHHH  ero  KOHCxpyioiHH.  IIpeflnojiaraexcM,  qxo  KA  coctoht  H3 
Kopnyca  h,  npHKpeiuieHHBix  k  HeMy,  ynpyrnx  hjih  xccctkhx  ajieMeHxoB, 
HanpHMep,  naHejicH  CB,  anxcHH,  noBopoxHbix  ruiaxcjjopM  h  x.fl.  AjiropHXM 
(l)OpMHpOBaHH5I  MaXCMaTH'ieCKHX  MO/iejieH  ABIDKeHHH  KA  OCHOBaH  Ha 
Mexofle  cHHxeaa  ero  flHHaMfrxecKUx  xapaKxepHCTHK,  corjiacHo  KoxopoMy 
oOteKT  paccMaxpHEaeTCB  KaK  Ha6op  cocxaBjiHiomux  ero 
nO/tKOHCTpJTOIHH,  4)yHKI];iIOHHpyK)III,HX  COBMeCTHO,  B  ajirOpHTMe 
yHHTBiBaioTca  HejiHHeiJHbie  xcecxKocxHMe  h  AHccHnaxHBHwe  CBOHCXBa 
cHcxeMM  raineHHB  KOJi66aHHH,  ocHOBaHHori  Ha  HcnojibaoBaHHH 
MarHHXOXH^poriHHaMHHeCKHX  a^X^eKXOB,  BOSHHKaiOimax  B 

ojieKxponpoBOflHOH  BaMarHHxeHHOH  xch/ikocxh.  3xh  3(|)(})eKxw 
npoaBJiaioxca  b  o6jiacxn  OojiBiinix  HHceji  PeHHOJiBflca  h 

CBBaaHbl  C  HHXCHCHBHblM  B3aHMOa:eilCTBHeM  XHBtpO^HHaMHMeCKHX  H 
3jieKxpoMarHiixHbix  BHxpeBwx  nojieii,  BCjie^cxBHe  Koxoporo  CHCxeMa 
npHoOpexaex  cBOHcxBa  ynpyro-^HccHnaxHBHOH  cpe^bi,  3xo  cbohcxbo 
Hcnojibayexca  kbk  raujenuB  ynpyxHX  KOJieOaHHH  KA,  xaK  h 
co3flaHH5i  ynpaBJiHioiHHx  Boa^eHcxBHH  b  cHcxeMe  opHCHxaHHH  h 
cxa6HJiH3aHHH. 

OpHBe^ieHbi  pe3yjibxaxbi  HHCjieHHbix  pacnexoB,  Koxopbie  noKa3biBaiox, 
Bxo  c  Hcnojib30BaHHeM  MarHHXo^H^^pozI;HHaMm[ecKoro  racHxejia  moxcho 
6ojiee  HeM  Ha  nopa/toK  noBbicHXb  JiorapHcJjMBRecKHe  aeKpcMeHxw  ynpyxHX 
KOJieOaHHH  KA. 


O.KjiHiueB 


The  Dynamics  Problem  of  Spacecraft  Having  the  System  for  Damping 
of  Flexible  Structural  Elements  Oscillations 

O.P.  Klishev,  A.I.  Mytarev,  B.L  Rabinovich,  G.A.  Churilov 

TsNIIMASH 

141070  Korolyov  City  Moscow  Region,  Russia 
Pioneerskaya  str.,  4 

The  dynamics  problem  of  spacecraft  (SC)  high  accuracy  attitude  control 
and  stabilization  having  a  special  system  for  active  damping  of  the  elastic 
oscillations  of  its  structural  elements  is  considered.  The  SC  is  supposed  to 
have  the  frame  with  some  connected  with  it  rigid  or  flexible  elements, 
namely,  whip  arials  and  sun  batteries’  panels  as  well  as  some  rotating  ele¬ 
ments.  1-1 

The  special  algorithm  is  created  for  synthesis  of  the  mathematical 

model  of  SC  for  structural  dynamics  simulation.  The  main  idea  concerns  di¬ 
viding  of  the  initial  system  on  some  more  simple  ones  acting  together  (in 
dynamics  sense). 

The  nonlinear  elasticity  and  dissipation  of  the  damping  system  are 
taken  into  consideration.  The  system  being  considered  is  based  on  sorne 
magnetohydrodynamic  (MGD)  eflects  arising  in  the  ferromagnetic  liquid 
with  high  electrical  conductivity.  The  liquid  of  such  kind  moving  in  mag¬ 
netic  field  have  the  properties  of  flexible  medium  with  dissipation. 

These  effects  being  most  distinct  by  the  high  values  of  magnetic  Rey¬ 
nolds  number  concern  the  high  interacting  of  hydrodynamic  and  mapetic 
vortex  fields.  Special  devices  using  these  properties  are  used  for  damping  of 
the  elastic  oscillations  of  flexible  elements  of  SC  and  for  its  attitude  control 
and  stabilization. 

Some  results  of  numerical  analysis  are  presented  demonstrating  that 
MGD  damping  device  can  raise  the  logarithmic  decrement  of  the  flexible 
stmctural  SC  elements  oscillations  more  than  on  the  order. 


O.  Klishev 


CHCTeMa  HaBHranHK,  opHeHTaijHH  h  cSjiHxeHiw  op6HTajii,Hwx 
KocMOTecKHX  annapaxoB  Ha  Saae  annapaxypBi  cnyrHHKOBOH  HaBHranHH 

(ACH) 

BoflHH  H.B.,  Bpanep  B.H.,  MnxaiijTOB  M.B., 
rionyicaeB  A.B.,  no^ryi:aeB  B.H.,  HepeBKOB  K.B. 

U,HVn/7HALTJ;  PHtflf  KtX 

PaccMOTpena  HHTeipapoBaHHaa:  cHcxeMa  HaBHxaHHH,  opHeHxauHH  h 
cGjiHxceHna  c  Hcnojii>30BaHHeM  ACH,  pa6oxaFoii];eH  no  cHmajiaM 
HaBHxaHHOHHbix  cnyTHHKOB  rjioHacc,  HaBcxap  h  nceBxtocH^HiiKa, 
ycxaHOBjieHHoro  ea  cTanpHn. 

IloKaaaHbi  cymecTBCHHbie  OTjiHHHa  Hfleojiormi  peiucHHa 
HaBHranHOHHOH  sa^ta^iH  KocMmecKoro  annapaxa  (KA)  or  peineHHa 
HaBHraHHOHHOH  safla'iH  HaseMHWx  oGbeKXOB,  xpeGyiomeii  flpyroii 
cTpyKxypbi  nocTpoeHHfl  ACH. 

PaccMoxpeHbi  lUHpoKHe  B03M0XCH0CXH  ACH-xexHojiorHH  fljia  pemeHHH 
3a;iaH  HaBHraHHH,  opHCHxaiiiHH,  ynpaBjicHHH  flBHDKeHHeivi  h  cGjiHxceHUH  KA, 
nosBojiHiomHe  peajinaoBaxb  Gecnjiax^JopMeHHyio  HHepitHajibHyio  CHcxeMy 
KA  6e3  Tpaa;nnHOHHoro  Hcno,nb30BaHHfl  aKcejiepoMexpoB,  ^ax^HKOB 
yrjioBOH  cKopocTH  H  yrjioBoro  nojioxceHH3,  a  xaidce  ocymecxBJiHXb 
BbicoKOTOHHoe  HSMepeHHe  napaMexpoB  oxHocHxejibHoro  flBHxceHiM  KA  npH 
cGjIHXCeHHH  (c  XO^HOCXbK)  ;i;0  CaHTHMeXpOB)  H  MeXcGopXOByiO  pa/tHOCBH3b 
ffjifi  oGMeHa  ii;Hcl)poBOH  HH4)OpMai]:HeH  cGjiHxcaeMbix  KA.  Hpe/yioxceHa 
yHHBepcajibHaa  GjioHHaa  cxpyxxypa  nocTpoenna  cHcxeMW,  b  KoxopoH 
sajianu  KA  onpe^iejiiiioT  ee  annapaxHWH  cocxaB  (h3  cxaHflapxHoro  pam 
Gjiokob)  h  MaxeMaTHHecKoe  oGecneqeHHe  ee  HHxep(J)eHCHoro  npoiieccopa. 

HoKaxaHo,  qxo  Ha  coBpeMeHHOM  ypoBHe  paaBiixua  ACH-xexHOJioxHH 
BecoBbie,  OHeprexHHecifCHe  h  cxoHMocxHbie  xapaKxepHcxHKH  cncxeMbi  b 
aecaxKH  pas  HHXce  cooxBexcxByiomHX  xapaKxepncxHK  xpaOTHHOHHbix 
CHcxeM,  oGecneqHBaioiHHx  pemeHHe  nepeqncjieHHbix  aaflaq. 

BBea:eHHe 

B  Hacxoamee  BpeMH  lUHpoKoe  paaBHXHe  nojiyqnjia  annapaxypa 
cnyxHHKOBOH  HaBurai^HH  (ACH),  HcnojibsyeMaii  flJiq  peineHHK 
HaBHraHHOHHOH  saflaHH  naxeMHbix  noHBHXcHwx  oGbexxoB  uiHpoKoro 
KJiacca. 

npH  3XOM  3HaqHxejibHbie  ycnexH  rtocxHrnyxbi  b  oGjiacxH 
MHHHaxiopH3aHHH  annapaxypbi.  XaK,  Bee  sjieKxpoHHOH  luiaxw, 
ocymecxBqaiomeH  npHCM  h  o/tHOBpeMeHHyio  oGpaGoxxy  cHrnajioB  ox  12-18 
cnyxHHKOB  HaBcxap  h  PjioHacc,  cocxaBjiaex  100-200  r.,  a  noxpeGjieHHe  7-10 

BX. 

HcnoHbxoBaiiHe  ACH  b  KocMHHecKOH  xexHHKe  nosBojiaex 
npHHHHHHajibHo  no-HOBOMy  noaoHXH  K  pemcHHio  mhofhx  3aflaq 
KocMHHecKOH  xexHOjiOFHH.  B  3XOM  cjiyHae,  6.iarop,apH  MHHHaxiopHxaHHH 
ACH-xexHHKH,  ee  HesbicoKOH  ceSecxoHMocxH,  b  KocMHqecKOH  xexHHKe 
MO)KeT  npoHsoHXH,  B  GyKBajibHOM  cMbicjie,  peBojHOHHOHHbiH  nepeBopox: 


H.BoflHH  H  flp. 


ACH-TexHOjioriw  MoxeT  BMxecHHTb,  hjih,  no  KpaHnen  Mepe,  anaHHTejibHo 
norecHHTb  xpa^nnHonKn/To  KocMnnecKyio  TexFLOjiornK)  HaBnrannH, 
opHeHTannn,  ynpaBjieHna  n  cbh3h. 

B  nacToainee  Bpeivia  na  p5we  KocMimecKHX  annapaxoB  yxce 
HcnojibsyexcH  ACH  jsjisi  pcineHna  saB^an  naBurapHH.  O^naKo,  kbk  npaBHJio, 
3X0  annapaxypa  aBnanHOHHoro  npUMeHeniw  (b  cmbicjic  H^eojioriiH 
pemeHHH  HaBHrannoHHOH  3a^^anH)  annapaxno  npncnocoSjieHHaa  k 
ycjioBHHM  KocMimecKoro  nojiexa.  OcoSenHocxn  3aflan  KOCMnnecKon 
xexHojioxHH  xpe6yK)X  co3B,aHHB  npuHnunnajiLHo  hoboh  (  KOCMnnecKon  no 
HB^eojiornH)  KOMnjieKCHon  cncxeMbi  naBnranHH  (naBuranun  b  uinpoKOM 
cMbicjie,  BKjironaiomen  HaBnrannto  nenxpa  Macc,  yrjioBoro  ABiocenna  n 
oxHOCHxejibHoro  aBnacenna  npn  c6jiH*;eHHH,  onpejiejieHHe  anHaMimecKHX 
napaMexpoB  KA  n  cncxeMbi  ynpaBnenna  n  x.b;.)  na  6a3e  ACH-xexnojiornn. 

B  HacxoameM  aoKJiafle  paccMOXpenbi  Mexozi^bi  pemeHHfl  3aa;an 
KocMEraecKOH  HaBHrannn  c  ncnojibaoBaHneM  ACH-xexHOjiornn  n 
npexpioacena  cxpyicxypa  cncxeMbi,  peajinayioineH  3xn  Mexonw. 

1.  3aB,aHH  KocMnnecKon  HaBHrannn  n  bo3mo2khocxh  ACH- 
xexHOjiorHH  b  pemeHHH  axnx  aanan 

B  mnpoKOM  cMwcjie  KocMH^iecKaa  naanrannii  BKJiionaex  cjienyioinne 

aanann; 

■  onpeflejienne  napaMexpoB  op6nxbi  KA  -  aSconioxHaH  Haanranna; 

■  onpenejienne  napaiMexpoB  yrjioBoro  nanacenna  KA  -  onpeneaenne 
opnenxannn; 

■  onpeneaenne  napaMexpoB  oxHocnxeabHoro  nsnaceHna  nByx  KA  npn 
cSanaceHnn  -  oxHocHxeabiiaa  Haanranna; 

■  onpeneaenne  nnnaMnaecKnx  napaMexpoB  KA  n  cncxeMbi 
ynpaaaeHna  (Maccw,  MOMenxoB  nnepnnn,  noaoxcepina  nenxpa  Macc,  xarn 
ynpaaaaioinnx  nenraxeaen  n  x.n.). 

1. 1.  A6cojiioTHaM  HaBHraixHM 

/l,aa  GoabuiHHcxBa  op6nxaabHbix  KA,  b  xom  nncae  KopaSaen  “Coios”, 
“nporpecc”,  op6nxaabHbix  cxaHnnn,  xpe6yeMaa  xoaHocxb  6aaancxnHecKnx 
onpeneaennH  cocxaaaaex  ~100  m.  flJia  peuienna  3Xon  aanaan  xpa/innuoHno 
ncnoabsyioxca  mcxoam  pannoxpaeKxopHWX  n3MepeHHH  b  xenenne  1-3 
BnxKOB  c  Hcnoab30BaHneM  HaaeMHWx  naMepnxeabHbix  nynKxoB  (HHIIob). 
HHIlbi  npencxaBjiaiox  co6oh  noporocxoainne  coopyacenna,  oKcnayaxanna 
Koxopbix  xpeGyex  BHannxeabHbix  MaxepnaabHbix  aaxpax. 

HcnoabBOBanne  ACH  no3Boaaex  onpeneaaxb  opCnxw  KA 
npaKxnnecKH  MmoBCHHO  6e3  y^iacxna  aeMan. 

ripn  3XOM  caenyex  oxMexnxb  cymecxBeHHoe  oxanane  b  naeoaornn 
pemenna  HaBHrannoHHOH  aanaan  naa  KocMnaecKHX  annapaxoB  n  naaeMHbix 
nonBHDKHbix  oSaeKTOB.  Jlflfi  HaaeMHbix  oGbcxxob  Monean  nx  nanxcenna,  kbk 
npaBnao,  nenaBecxHbi,  n  naa  pemcHna  HaBHrannontion  aanaan  neoSxoanMa 
o^iHOBpeMeHHaa  unanMocrb  kbk  MnnnMyM  4-x  naBnranHOHHbix  cnyxenKoB. 
Moaeab  aBBDKenna  KocMnaecKHX  annapaxoB  naBecxna  c  bmcokoh 
xoHHOcxbio.  3x0  noBBoaaex  ocyrnecxBaaxb  nnHaMnaecxyio  4'nabxpanHK) 


H.BoaHH  n  ap. 


H3MepeHHH,  Sjiaroflapa  HeMy  op6HTa  moxct  6biTb  onpe^ejieHa  no 
HSMepennaM  xojrbKo  2-x  HaBHraijHOHHbix  cnyxHHKOB.  npH  otom 
HsGbiTOHHocTb  Hm|)opMaiiHH  Mo;aceT  HcnojibsoBaTbCH  mifi  noBbimeHHH 
TOMHOCTH  HaBH^a^HOHHbIx  onpe^^ejicHHH,  yroHHeHiM  napaMexpoB  MOflejiH 
ABiDKCHna  KA  H  T.n.  TaK  ecjiH  fljia  ACH,  paSoxaiomHX  no  C/A  Kojiy, 
xonnocxb  MraoBcHHoro  naBHrannoHnoro  onpe^ejieHiiH  cocxaBJinex  -100  m, 
xo  onpe^ejienne  opOnxbi  KA  aa  cnex  ztHnaMHHecKon  (J)HJibxpanHH  Moxcex 
6bixb  oOecneneHo  c  xonnocxbio  10-20  m. 

OcoSeHHocxH  pemenim  aa^^ann  aOcojnoxHon  HasHrannH  na  6opxy  KA 
HaKjiaflbiBaiox  onpe^ejieHHyio  cneu;H4>HKy  na  cxpyKxypy  HaBHrannoHHoro 
npHeMHnKa. 

JJflu  oObinHbix  ACH  HaBHrannoHHaa  aaji;aHa  peiuaexcR  b 
HaBHxanHOHHOM  nponeccope  npHeMHHKa. 

Ha  KA  peuieHHH  KOMmieKca  aa^an  naBHraiiHH  neoOxoziHMa 

ycxanoBKa  necKOJibKHX  anxenn  h  HecKOjibKHx  npneMHHKOB.  Kaxg3,biH 
npHCMHHK  4*opMHpyex  ’‘cbipyio  HH(J)opMamiK)”  (nc6BflO;[i;ajibHocxH  h 

HHxerpajibHyio  <|>a3y)  no  bccm  bh^hmbim  (b  “cboio”  anxenny)  cnyxHHKaM. 
HojiynaeiviaH  “cbipaa  HH(J)opManHH”  ox  Bcex  npneMHHKOB  flojixcna 

o6pa6axbiBaxbCH  b  e/iHHOM  HaBHrannoHHOM  nponeccope  cHcxeMW 
coBMecxHo  c  MonejibK)  ziBiixceHEBi  H  HH(J)opManHeH  ox  npyxHX  anxeHH  KA. 
TaKOH  nonxon  ynpoinaex  cxpyKxypy  Kaamoro  npneMHHKa  n  noaBOJiaex 
ocymecxBJiaxb  KOMmieKcnoe  pemenne  HaBHrannoHnon  aanann  c 
HcnojibaoBanneM  nojinoro  oO^eMa  HH4)opManHH,  HMeioineHCK  na  KA. 

1.2.  Onpefl,ejieHHG  opHemaipm 

Ajih  OojibiUHHcxBa  opOnxajibHbix  KA  xpeOyemaa  xonnocxb  opHenxannn 
cocxaBJiaex  0.2-0. 5°.  TpanunnonHo  opneHxaniia  onpenejiaexca  c  noMoinbio 
paajinaHbix  naxxHKOB  yraoBoro  noiioxcenna  (naxanKa  BepxHKajin, 

cojinennoro  naxanKa  n  x.n.),  naMepenna  Koxopbix  (i)HJibxpyioxca 

6ecnjiax4)opMeHHOH  HHepnnajibHon  cncxeMon  (BMC),  nocxpoennon  na 
6aae  naMepennH  naxanKOB  yrjioBon  cKopocxn  (AYC). 

C  noMoinbio  ACH,  ncnojibaya  Mexon  HHxep(J)epoMexpiin,  yxjioBoe 
nojioxceHHa  KA  Moxcex  onpenenarbca  c  xoanocxbio  0.2-0.3°.  HaMepenna 
Moryx  ocymecxBJiaxbca  b  peajibnoM  BpeMenn  c  aacxoxon  -1  rn.  Hpn  oxom, 
Oaaroflapa  onnoBpeMeHHOH  o6pa6oxKe  cnraajioB  ox  mhoxhx  cnyxHHKOB,' 
peajinayexca  cyrnecxEennaa  HaObixoanocxb  naMepeHnn,  Koxopaa  Moxcex 
HcnoabaoBaxbca  jmn  noBbimenMa  xoanocxH,  a  xaicace  naa  pemenna  paaa 
aonoaHHxeabHbix  aana^i  (xaKHx,  Kax  pacKpbixne  cfiaaoBon 
HeonpeneaeHHocxH,  oxBpaxoBxa  cnyxHHKOB,  flaioinpix  orpaxcennwe  cnmajibi 
H  x.n.),  noBbiniaioinHx  naaeacnocxb  n  nocxoBepHocxb  yraoBbix 
onpeneaeHHH.^  HaMepenna  Moiyr  4)HJibxpoBaxbca  c  noMoinbio 
xpannnHOHHOH  BHC,  nocxpoennon  na  Baae  AVC.  O^naxo,  b  nacxoaineM 
aoxaaae  paccMaxpnsaexca  BHC,  ne  ncnoabayiomaa  AYCw,  a  ocnoBannaa 
na  Mexone  nnxeripnpoBanna  nnnaMnaecxnx  n  xnnexnaecxnx  ypaBnennn 
aBHJKenna  KA. 

Baox-cxeMa  xaxon  BHC  npnBeaena  na  pnc.  1.  B  npnBeaennon  cxeMe 


H.Boann  n  ap. 


6jiok  ^yc  saMCHeH  Mo^ejibio  ynpaBJiaiomHX  h  BosMymaiomHX  MOMeHTOB  h 
MOflejibK)  KA,  peafiHsyiomeH  pemcHHe  flHHaMUHecKHX  ypaBHeHHH  3HJie^. 

B  npHBeAeHHOH  cxeisie  oii.eHKa  BeKTOpa  yrjioBOH  CKOpocTH  KA  (O  | 
KoppeKTUpyexca  no  pasHocTU  oijeHKH  BCKTopa  yrjioBoro  iiOAoaceHHa  n 
H3MepeHHH  3TOrO  BCKTOpa  C  nOMOmbK)  ACH. 

ripH  HeAOCXaTOHHOM  3HaHHH  MOA6AH  MOMeXtXOB  H  MOACAH  KA, 
napaMexpbi  3xhx  MOASAeH  xaKxce  Moryx  KoppeKxupoBaxbca  no  HSMepennaM 
ACH,  oSecneAHBaa  caMonacxpoHKy  3xnx  napaMexpoB  na  hx  peaxbHbie 
xHaaemM. 

PaccMoxpeHHe  KOHKpexnwx  ajiropnxMOB  MOAeAHpoBaHHa  n  KoppeKunn 
npeAcxaBAaex  coSon  caMocxoaxejibnyK)  aaAaay  n  bwxoahx  3a  paMfCH 
nacxoamero  AOKAaAa. 

PeaAHaanna  paccMoxpeHHoii  BMC  no3BOAaex  ocymecxBAaxb 
4)mibXpanHK)  yxAOBbix  n3MepeHHH  ACH,  oSecnennBaa  xoHHocxb 
onpeAeAenna  opnenxaiiHH  ~0.1°,  a  xaoce  no3BOAaex  HMexb  HH^opManmo 
o6  yxAOBOM  noAOAceHHH  KA  npn  BpeMennoM  oxcyrcxBHH  H3MepeHHH  ox 
ACH  (HanpHMep,  b  npopecce  yxAOBoro  ManeBpiipoBaHHa  KA). 

/l,Aa  peiii6Hna  yrAOMepHon  aaAaan  na  KA  AOAaaxbi  6bixb  ycxanoBAenbi 
HeCKOAbKO  aHXeHH  H,  COOXBeXCTBeHHO,  HeCKOAbKO  npneMHHKOB  ACH. 
MH^)opManHa  ox  sxnx  npneMHHKOB  AOAXCHa  o6pa6axbiBaxbca  b  cahhom 
nponeccope.  To  ecxb,  a^^  peiuenna  aaAaan  opneHxannn,  kak  h  aaa 
pemenna  3a^aHH  aScoAioxHOH  naBHrannH  neAecoo6pa3Ha  cxpyKxypa 
CHCXeMbI,  B  KOXOpOH  npneMHHKH  ACH  4)OpMHpyK)X  Cbipyio 
HH(J)opManHK),  o6pa6axbiBaeMyio  b  cahhom  oSineM  jvisi  Been  cncxeMbi 
HaBHrannoHHOM  nponeccope  cobmocxho  c  MOAeAbio  KA  (n  ero  sAeMenxoB) 
H  HH4)opManHeH  ox  Apyrnx  chcxcm  KA. 

/,  J.  OTHocm  ejibHaa  HaBuraixua 

Penienne  aanaan  oxHocnxeAbHon  naBHrannH  aoaacho  o6ecneaHBaxb 
onpeAeAenne  napaMexpoB  oxnocHxeAbHoro  ABHAcenna  Asyx  cBAHAcaeMbix 
KA  c  6oAee  bwcokhmh  xoanoexaMH  (no  cpaBHennio  c  a6coAioxHOH 
HaBHraiiHen)  AAa  noAroxoBKH  h  BbinoAHenna  cxwkobkh. 

TpaAHnHOHHbiH  MexoA  pemeima  BaAaan  oxnocHxeAbHOH  naBHrannH 
npcAnoAaraex  coBMecxnyio  o6pa6oxKy  HH^opMannn  ox  4-x  h  6oAee 
oAHHaKOBbix  cnyxHHKOB,  noAyaaeMOH  na  2-x  KA.  Jljisi  pemenna  xanott 
saAaan  xpe6yexca  MeAc6opxoBaa  paAHOAnnna  (MBPJl),  oBecneansaiomaa 
nepeAaay  npnnaxoH  cnyxHHKOBon  HH4)opManHH  ox  oahoxo  KA  k  ApyroMy. 
Toanoexb  pemenna  aaAaaH  oxnocHxeAbnoH  naBHrannH  xaKHM  MexoAOM 
coexaBAaex  3-5  MexpoB  no  noAoxcennio  n  ~1  cm/c  no  cKopoexH.  Taxaa 
xoanoexb  ne  Aoexaxoana  AJia  BbinoAnenna  cxbiKOBKH,  no  ona  o6ecneaHBaex 
GAaronpnaxHbie  HaaaAbHwe  ycAOBna  ajw  pa6oxbi  6oAee  xoanbix  cncxeM. 

SaAaaa  onpeACAenna  napaMexpoB  oxnocHxeAbnoro  ABHAcenna  c 
xoanocxbK)  3-5  MexpoB  npeAcxaBAaex  coBoii  aaAaay  npeABapnxeAbnoH 
oxHocHxeAbHon  naBHrannn.  Bxopaa  aaAaaa  oxHocnxeAbHon  naBHrannH  - 
onpeAeAenne  napaMexpoB  oxnocHxeAbHoro  ABHAcenna  c  xoanocxbio 
necKOAbKO  canxHMexpoB,  AoexaxoanoH  AJin  oBecneaenna  cxmkobkh  2-x  KA. 


H.Boahh  h  aP- 


B  HacToameM  floicjia^e  paccMaTpHsaeTca  BOSMoxHocTb  pemeHna  ^syx 
ynoMHHyrbix  aaflan  HCKJiioHHTejibHO  cpe/i;cTBaMH  ACH-TexHOjiorim 
(BKJiKD^iaa  peajiH3aii;HK)  MBPJI). 

B  TpaflHijHOHHOM  MCTo^ie  penieHiM  aaflaHH  npeflBapuTejibHOH 
OTHOCHTejTbHOH  HaBHraiJ(HH  Tpe6oBaHHe  BH/^HMOCTH  4-X  O^HHaKOBblX 
cnyTHHKOB  oflHOH  aHxeHHOH  ACH  KA  h  OC  aBJiaeTca  HpesBbnaHHo 
xecTKMM  H  /lajieKo  H6  Bce^^a  Moxcex  6biTb  BbinojiHeno.  Tax  KA  npH 
cBjiHxceHHH  ocymecTBJiBCT  yrjioBoe  ManeBpapoBaHHe,  b  peayjibTaxe 
Koxoporo  ocb  aHxeHHbi  ACH  H3MeHaex  CBoe  HanpaBjieHHe  b  iiiHpoKOM 
ZiHana30He  yrjioB.  OC  b  nponecce  cBjiHxceHUH  coxpaHHex,  kbk  npaBHjio, 
CBOK)  OpueHXailHEO  B  OpG'HXajIbHOH  CHCXeMe  KOOp^HHaX,  O^lHaKO  aHXeHHbl 

ACH  OC  cymecxseHHo  3axeHaioxcH  ajicMeexaMH  KOHcxpyiatHH 
(cojiHe^HbiMH  6axapeHMH,  pazmaxopaMH  h  x.n.),  Koxopwe  HBMeHfliox  cBoe 
npocxpaHCXBeHHoe  nojioxccHHe  bo  BpeMeHH.  HoaxoMy  b  npoiiecce 
cSjiHXceHHH  B  xeMCHHe  HCKoxoporo  BpeMeHH  o6mHe  cnyxHHKH  ACH 
KA  H  OC)  Moryx  Boo6iii;e  oxcyxcxBOBaxb  hjih  hx  KojinqecxBo  Moxcex  6bixb 
MeHee  4-x.  xoro,  qxo6bi  pemeHHe  3a;iaq  He  3aBHcejio  ox  xaKHx 

cHxyauHH,  B  CHCxeMe  flojixcHbi  6bixb  npejtycMoxpeHw  cneoHajibHbie  Mepw. 
OziHOH  H3  xabaix  Mep  BBjiHexcB  peajiH3aHHH  BHC  zuih  sa/iaqH 
OXHOCHXejIbHOrO  flBH^KeHHH.  BMC  flOJIXOHa  <|)OpMHpOBaXb  OHeHKy 
napaMexpoB  oxHocHxej][bHoro  fl:BHXceHiis[  nyxeM  HHxerpHpOBaHHa  ypaBHeHHH 
oxHocHxejibHoro  flBHOKeHHH  c  yqexoM  paBoxbi  Bcex  OTHraxejieH  KA.  BHC 
Moxcex  Bbixb  nocxpoeHa  ipa^HUHOHHO  Ha  6a3e  ^VC  h  aKcejiepoMexpoB,  a 
Moxcex,  no  aHa.norHH  c  BHC,  npeflcxasBeHHOH  na  pHc.l.,  na  6a3e 
MonejiHpoBaHHii  pa6oxbi  HcnojiHHxejibHbix  opranoB  h  pemeHna 
BHHaMuqecKHx  ypaBHeHHH  ABHaceHHH  KA  (b  ^^aHHOM  cjiynae  kbk  3TJioBoro 
flBHxeHHH,  xaK  H  nocxynaxejibHoxo) .  KoppeKHHB  BHC  ^ojixcHa 
ocyiij,ecxBJiflXbCB  no  peayjLbxaxaM  H3MepeHHH  oflHOHMeHHbix  cnyxHHKOB  Ha 
KA  H  OC.  npH  3XOM  mifl  KOppeKHHH  BHC  flOJIXHbl  HCn0JIb30BaXbC5I 
H3MepeHH»  ox  Bcex  ACH  KA  h  OC,  a  cxo^Mocrb  ohchok  napaMexpoB 
oxHocHxejTbHoro  flBHxceHHH,  (|)opMHpyeMbix  BHC,  flojiiKHa  oBecneHHBaxbCH 
npH  O^OBpeMeHHOM  HajIHHHH  H3MepeHHH  ox  JIIoBorO  HHCJia  OqHOHMeHHbIX 
cnyxHHKOB,  ^^axce  ecjiH  axo  hhcjto  Menee  4-x. 

PaccMoxpeHHaq  BHC  Moxcex  6bixb  peajiH30BaHa  b  HaBHxanHOHHOM 
nponeccope  chcxcmw,  b  KoxopbiH  nocxynaex  “cwpaa”  HHcJ)opMan;H5i  ox  Bcex 
npHCMHHKOB  ACH  KA,  ynpaBBBromHe  cHraajibi  na  BKxioqeHHe  ^tBHxaxejieH 
KA  (jih6o  CHXHajibi  /I,yc  h  aKcejiepoMexpoB),  a  xaicxce  HH<J)op Manna  ox 
MBPJI  C  HaBHXanHOHHblMH  H3MepeHHHMH  HpHeMHHKOB  ACH  OC  H 
napaMexpaMH  opHeHxannji  OC. 

MBPJI  Mo»:ex  6bixfa  peajiH30BaHa  Kax  HeaaBHCHMaa  pannocHcxeMa, 
oSecnenHBaiomaa  oBmch  hh(J)poboh  HH4)opMaHHeH  Mex(ay  OC  h  KA. 

OflHaKO,  cjienyex  aaMexHXb,  qxo  npneMHHK  ACH  npencxaBJiaex  co6oh 
MHoroicaHajibHbiH  paqHonpHeMHHK,  npHcnocoBjieHHbiH  zuia  npneMa 
nH(J)pOBOH  HHCj)OpMaU,HH. 

npoBefleHHbie  npopaBoxKH  noKaaajiH,  qxo  npn  o6T>eMe  npHHHMaeMofi 
u,h4)poboh  HH(})opMau;HH  HecKojibKo  k6ox  (qxo  Bnojine  flocxaxoqno  njia 
peiueHHH  3anaqH  oxHocHxejibHOH  HaBHraHHH)  He3F[aqHxejibHaa  flopaBoxxa 


H.Bob;hh  h  np. 


pemeHKM  HaBHranHOHHoii  aa^a^H,  xaK  h  /yia  pemeHHH  pa^a  nayaHO- 
xexHuaecKHX  aa^aa. 

PaccMaxpHBaeMaa  b  HacxoameM  ^OKJicme  KOMiijieKCHaa  CHcxeMa 
HaBHxanHH  Ha  6aae  ACH-xexHOJioxHH  noaBOjiaex  aa  caex  npeHHanoHHhix 
4>aaOBbIX  H3MepeHHH  H  HX  H36bIXOMHOCXH  C  flOCXaXOHHO  BbICOKOM 
xoHHOcxbK)  onpeflejiaxb  ynoMHHyrbie  napaMexpw.  ripnaeM,  b  npoiiecce 
peajiHaaHHH  pemeHHa  HaBHraHHOHHoii  aaflaan  c  HcnojibaoBaHHeM  BMC, 
nocxpoeHHoH  Ha  ochobc  caMOHacxpaHBaiomeHca  MOflejiH  KA  h 
HcnojiHHxejibHbix  opraHOB,  axa  Banana  pemaexca  aBXOMaxHHecKH:  hckombic 
napaMexpbi  onpe^ieanioxca  H3  K03^(})HHHeHX0B  Moji;ejT6H,  nojiyaeHHWX  b 
peayjibxaxe  caMOHacxpoiiKH. 

CjieByex  aaMexHXb,  hxo  (J)opMHpyeMaa  b  peByjibxaxe  caMOHacxpoHKH 
Mo/iejib  oSecneHHBaex  BbicoKoxoHHoe  pemeHHe  HaBHxaHHOHHOH  aaflaMM,  ho 
He  Bcexfla  h3  napaMexpoB  axoH  Mo^ejiH  o^HoanaHHO  onpe^ejiaioxca 
HCKOMbie  napaMe^rpbi.  HanpuMep,  npH  onpejiejieHHH  Maccw  KA  h  xhxh 
KoppeKXHpyioiHero  B^BHraxejia  b  peayjibxaxe  caMOHacxpoHKH  Mo^ejiH  c 
BbicoKOH  xoHHocxbK)  onpeB,ejiHXca  oxHomeHHe  xarii  k  Macce  KA,  a  hx 
a6cojiKyrHbie  BHaaeHHa  ocxaioxca  HenaBecxHbiMH.  B  3Xom  cjiyaae, 
HanpHMep,  jijiK  onpeB,ejieHHa  Maccbi  opGHxajibHOH  cxaHHHH 
npeziBapHxejibHO  mojkcx  6brrb  c  bwcokoh  xoHHOCxbio  onpeflejieHa  xara 
flBHxaxejiH  KA  bo  BpeMa  aBxoHOMHoro  nojiexa  (x.k.  Macca  KA  nocjie 
BbiBefleHHa  naBecxHa  c  bwcokoh  xoHHOcxbio).  3axeM  nocjie  cxmkobkh  KA  h 
OC  B  npouecce  icoppeKHHH  opSnxbi  OC  flBHxaxejieM  KA  Moacex  6bixb  c 
BWCOKOH  xoHHOCXbKJ  onpeflejicHB  Macca  OC.  CflejiaHHoe  BaMeaaHHe 
oxHocHxca  H  K  onpeB;ejTeHHio  aScojiioxHbix  aHaaeHHH  apyxHx  hckombix 
napaMexpoB. 

2.  CxpyKxypa  cHcxeMW 

AHajiHB  aaiian  h  ocoSchhocxch  KocMHHecKOH  HaBHxaHHH  noaBojiHJi 
pa3pa6oxaxb  yHHcJjHHHpoBaHHyio  cxpyKxypy  chcxcmw,  oBecneaHBaiomeH 
pemeHHe  Bcex  paccMoxpeHHWX  Bwme  Ba^aa.  CxpyKxypnan  cxewa 
npezuiaraeMOH  cHcxeMW  npHEe^ena  Ha  pHc.3. 

CncxeMa  BKJHonaex  n  npHeMHHKOB  ACH  (ACHl-ACHn),  m 
nepeAaxHHKOB  (ni-rim)  h  xpH  HaBHxaHHOHHWX  npoHeccopa  Hill -HUS). 
npHeMHHKH,  nepe^axqHKH  h  HaBHxaHHOHHwe  npoueccopw  oBbe^HHenw  b 
cexb  no  HHxep4)eHcy  PC  485.  HaBHrannoKHwe  nponeccopw  cBHaaHW  c 
BL],BC  KA  Hepe3  MyjibxnnjieKCHWH  Kanaji  oSMena  MKO. 

KojiHHecxBo  npHCMHHKOB  ACH  H  nepeaaxHHKOB  onpeaenaioxcH 
aaztanaMH  KA,  xpeSoBaHHHMH  no  naflexcHocxH  CHcxeMw.  Hanpnwep,  /uia 
paccMoxpeHHWx  Bwme  aa^an  HaBHxanHH  nHJioxpipycMoro  Kopa6jiH  h 
OpSnxajIbHOH  CXaHUJIH  MHHHMajIbHWH  COCXaB  CHCXeMW  KA  -5  npHeMHHKOB 
ACH,  a  flJiH  OC  -  xpH  npHeMHHKa  ACH  h  ob;hh  nepeflaxHHK.  B 
aasHCHMOCXH  ox  cxeneHH  peaepBHpOBaHHH  ajieweHXOB  cHCxeMW,  jih6o  ajih 
pemeHHH  flonojiHHxejibHWX  aaB;a4  (nanpHMep,  o6ecneHeHHa  ^[ByxcxopoHHeH 
CBH3H  KA-OC)  KOJIHHeCXBO  npHeMHHKOB  H  nep6flaX^IHKOB  Moxcex  6bIXb 
yBejlHHCHO. 

HaBHxanHOHHWH  nponeccop  ocymecxBJiaex  ynpaBJieHHe  annapaxypoH 
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CHCTCMM,  o6pa6oTKy  BCeH  npHHHMaeMOH  HH4)OpMaD;HH  OT  ACH  H  BLI;BC 
KA,  pemeHHe  Bcex  HaBurauHOHHtix  aa^an.  HR  aBJiaeTca  xpaHHTejieM 
eziHHoro  cHcxeMHoro  BpeMCHH  (zyia  Bcex  ACH),  KOTOpoe  b  npoixecce 
paSoTbi  ACH  CHHxpoHH3HpyeTC5i  c  cHcxeMHMM  BpeMeneM  UTC  US  NO  hjih 
UTC  SU,  aBJiaexcB  hcxohhhkom  xohhofo  bpcmchh  fljia  BHBC  KA.  /1,jt>][ 
oBecneMeHHB  paGoxbi  Bcex  ACH  b  cothom  BpeMeHH  pi  ynpomeHHa  peiueHiM 
MHOXHX  HaBHxaiiHOHHbix  3a^,m  Bce  ACH  sanHXbiBaioxca  ox  e^HHoro 
renepaxopa  nacxoxbi,  ycxaHOBjieHHoro  b  HH. 

C  iiejibK)  peaepBHpOBaHHB  b  cocxaB  CHcxeMW  BKJiioHeHbi  xpH  HH, 
paBoxaiomne  b  xojioflHOM  pesepBe.  BioiioHeHHe  peaepBHWx  HH 
ocymecxBjiaex  BHBC  KA. 

PaccMoxpeHHaa  cHcxeMa  HB.nHexca  ynuBepcajibHoii  h  Moxcex  6bixb 
Hcnojib30BaHa  Ha  jho6om  op6MxajibHOM  KA,  BKJiioHaH  reocxaiinoHapHbie 
KA,  HocHxejiH,  paaroHHbie  Bjioki^  h  x./i;.  B  aaBHCHMocxH  ox  3a/iaM  KA 
onpeziejiaexcpi  cocxas  CHcxeMw  h  nporpaMMHoe  o6ecneHeHHe  HTl.  flpH 
3XOM,  ecjiH  B  paccMOxpeHHOH  Ha  pHC.3  cxeMe  HH  MBJiaexcpi  OKOHCHHbiM 
ycxpoHcxBOM  BUBC  KA,  xo,  npn  neoSxo^HMOcxH,  HH  Moxcex 

BbinojiHHXb  pojib  H  B1J[BC  K(\,  aBJiiiacb  KOHXpojiepoM  h  oc3aij,ecxBJiaH 
ynpaBJieHHe  BceMH  CHcxeiviaMH  KA  no  HHxep4)eHcy  PC  485  hjih  MKO. 

Cjiejiyex  oxMexHXb  xaKxce,  nxo  npejuiojKeHHaa  CHCxeMa  Moxcex 
oGecneHHBaxb  h  JiByxcxopoHHioK)  nH4)poB5To  cBJi3b  c  ScMjieH,  ocymecxBjnia 
4)yHKmiH  KOMaHjiHO-xejieMexpHqecKOH  pajiHOjiHHHH.  ^jia  axoro  b  ACH 
jIojiJKHbi  6bixb  npejiycMOTpeHbi  cooxBexcxByioinHe  Kanajibi  cbhbh,  a  b 
cocxaB  cHcxcMbi  BKjnoHCHbi  cooxBexcxByioiHHc  nepejiaxHHKH.  B  sxom  cjij^ae 
paccMaxpHBacMaa  cHcxcMa  6yjiex  oSecncHHBaxb  peiucHHC  Bcero  KONinjicKca 
aajian  ynpaBJicHHa  KOCMHnecKoro  annapaxa. 

3.  OyHKnHOHHpOBaHHC  CHCXCMbl 

PaCCMOXpHM  (JiyHKnHOHHpOBaHHC  CHCXCMbl  Ha  npHMCpC 
nocjicflOBaxejibHOFo  peuicHiw  aajiaH  HaBHFanHH  h  ynpaBjicHim 
nHJioxHpycMOFo  KA,  bwbojihmofo  na  opBnxy  fljia  cxmkobkh  c  OC.  By/icM 
npezinojiaFaxb,  nxo  napaMcxpbi  opSnxbi  OC  H3BecxHbi  h  aaBjiaFOBpeMCHHo 
BBcacHbi  B  HH  KA.  SaGaaFOBpcMCHHO  b  HH  BBozpixca  xaKxce  anbManaxH 
cnyxHHKOB  H  pacnexHbie  napaMcxpw  opGnxbi  KA  nocae  BbiBcacHHa.  Hocae 
BbiBCflCHHa  Ha  opGnxy  KA  naxoanxca  b  HcopHCHXHpoBaHHOM  noaoxccHHH  h 
CFO  yFaoBaa  CKopocxb  cocxaBaaex  3-5  ®/c. 

npH  BKaiOHCHKH  CHCXCMbl,  3Ha5I  aabMaHaXH  CnyXHHKOB  H  rpyGbie 
napaMcxpbi  opGnxbi,  ACH  oGccncHHBaiox  GbicxpbiH  hohck  cHXHaaoB 
cnyxHHKOB  H  xpyGoc  onpcaeacHHc  jTraoBOH  cKopocxii  KA.  Ilocac  FaincHHH 
yxaoBOH  cKopocxH  pemaexca  aaaana  aGcoaioxHOH  HaBHxanHH  KA  h 
opHCHxanHH,  ocymccxBaHcxca  nocxpocHHc  opGnxaabHOH  opHCHxanHH  c 
Hcnoab30BaHHCM  BMC  na  ochobc  Moaean  KA  h  HcnoaHHxcabHbix  opxanoB. 
Ho  HBMcpcHHbiM  napaMcxpaM  opGnxbi  KA  h  H3BccxHfaiM  napaMcxpaM 
opGnxbi  OC  B  BIJ[BC  KA  pemaexca,  a  aaxcM  pcaanaycxca  GaaaHcxHHccKaa 
3aaaaa  BbiBcaeHHa  KA  b  xoHKy  Bcxpenn. 

ToHKa  BcxpeaH  KA  h  OC  paccnnxbiBaexca  h3  ycaoBHH  nonaaaHHa  KA 
B  oGaacxb  paanoaaxBaxa  CHxnaaa  nepeaaxnHKa  OC.  HpHHHMaa 
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oflHoro  H3  KananoB  npneMHHKa  ACH  nosBOjinx  eMy  oflHOBpeMeHHO 

BbinojiHiiTb  pojib  npneMHHKa  MBPJI. 

nepeflaTHHK  MBPJT  npH  yKaaaHHbix  oBbeMax  nepeaaBaeMOH 
HH(J)OpMaLi;HH  Taoce  moxcct  6biTb  peajiH30BaH  na  aHajiornHHbix 
TexHEPiecKHX  pemeHHiix  h  moxcct  SwTb  BbinojineH  b  BH^e  MHHHaTiopHoro 
sKOHOMOTHoro  npHSopa,  nenocpezicTBeHHo  ynpaBjiaeMoro  HaBHraaHOHHbiM 
npoii;eccopoM  cHcxeMbi. 

PeuicHHe  aa^aHH  npe^BapHTejibHOH  oTHOcHxejibHOH  HaBHxaiiHH 
no3BOJiHex  ocymecxBjiaxb  cGjiHXcexrae  ji;Byx  KA  flo  paccxo^HHH  HecKojibKo 
aecHXKOB  MexpoB,  nocjie  nero  b  ynpaBjieHHe  BKJiioqaexca  cHcxeMa  xohhoh 
oxHocHxejibHOH  HaBUxai^HH,  HanpHMep,  jiaaepHaH  cHcxeMa  oxHOCHxejibHOH 
HaBHxaixHH,  xpeSyiomaji  3HaHHH  HanajibHoro  BCKXopa  cocxohhhh  c 

flOCXaXOHHO  BbICOKOH  TOHHOCXbK).  O/IHaKO,  B  HaCXOHIIieM  flOKJiaZte 
paccMaxpHBaexcH  CHCxeMa  xohhoh  oxHocHxejibHOH  HaBHramiH, 
nocxpocHHaa  Ha  npHHHHnax  ACH  -xexHojioxHH. 

Pa6oxy  xaKOH  chcxcmm  b  iuiockom  cjiynae  Hji.xK)cxpHpyex  pHc.2.  Ha 
6opxy  KA  ycxaHaBJiHBaioxcii  ACH-npHeMHHKH  c  anxeHHaMH  A1-A4,  na 
6opxy  OC  -  ACH-npHeMHHKH  c  aHxeHHaMH  Aol,  Ao2  h  nepeflaxHHK  m. 

Ho  cHraajiaM  cnyxHHKOB  npHHHMaeMWX  aHxenHaMH  Al,  A2  h  AqI, 
Ao2  onpeflejiaexcH  opneHxamia  cooxBexcxBeHHO  KA  h  OC.  IlepeflaxqHK  HI 
HcnojibayexcM  b  KanecxBe  nepeaai'HHKa  HH(j[>poBOH  HH4)opMaHHH,  a  xaKXce 
BbinojiHaex  pojib  nceBflOcnyxHHKa  -  4)a3a  ero  necymero  cHraajia 

Hcnojibsyexca  peiiieHHa  safla^H  xo^ihoh  oxHocnxejibHOH  HaBHraiiHU. 

O^Ha  H3  aHxeHH  A2-A4  Hcnojibayexca  ana  npH6Ma  i];h4)Poboh  HH4)opMauHH 
ox  nepeaaxaHKa  HI. 

Ha  aHxeHHbi  A2-A4  npHHHMaioxca  cHraajibi  nepeaaTqHKa  HI, 
Bbiaejiaexca  Hecymnn  cHTHaji  h  (J)HKCHpyK>xca  b  neKOXOpwe  MOMeHXbi 
BpeMCHH  cooxBexcxByiomHe  3HaaeHna  4)33  necymero  cnrHajia 


^P2i  93i  94- 

Ho  SHaHeHHHM  4^a3  (p2>  93j  94  onpeaejiHcxca  aaJibHocxb  L  (paccxoaHHe 
Mexay  A3  h  HI)  h  ;yron  a,  onpeaejiaiomHH  nanpaBJicHHe  jihhhh 
BH3HpOBaHHH  (yrOJI  Me>Kay  npoaOJIbHOH  OCblO  CHMMeXpHH  KA  H 
HanpaBjieHHCM  A3-ni): 


2((P4  +  CP2  “  ^Cps)!  0 


■  94  92^0 

a  =  arcsin^ — —  ^ 

2n 


(2) 


rae  1  -  aHxeHHaa  6a3a  --  paccxoHHHe  Meagiy  aHXCHHaMH  A2-A4; 
lo  -  anHHa  BOJiHbi  Hecymero  cHrHajia. 

OopMyabi  (1)  H  (2)  ana  npocxoxbi  npHBeaeHbi  c  xoHHOcxbio 


f'l 

2 

II; 

npH  Manbix  paccxoaHHax  Mex<ay  KA  h  OC  pacaex  aonncen  npoHSEoanxca 
no  xoHHbiM  4JopMynaM. 

B  npocxpaHcxscHHOM  cnyiae  onpeaenenne  aanbHocxn  n  HanpaBnenna 
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Ha  TiepeflaTHHK  ocymecxBjiaeTCH  no  H3MepeHHaM  ox  4-x  anxcHH,  xpn  h3 
Koxopbix  pacnojiaraKJTCii  no  OKptyjKHOcxn,  a  nexBcpxaH  b  oKpecxHocxn 
nenxpa  OKpyxcHocxn. 


riorpeiiiHocxb  onpeflejieniw  HanpaBJieHim  h  ziajibHocxn  BasHcnx  ox 
aHxeHHOH  6a3bi  1,  norpemnocxH  naMepenna  4)a3bi  8(p  n  flajibHocxn: 

5(p  1 0 1 

^  °  ■  (3) 
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ripn  anxcHHOH  Gaae  l=1.5.Mexpa,  airane  bojihw  necymen  !<)  =  20 
caHXHMexpoB  H  norpeiUHOcxH  onpeflejieHna  ^Jasbi  5°  xohhocxb  onpeflejicnna 


HanpaRxenna  na  OC  cocxaBjiaex 
onpegejiaexca  no  (|)opMyjie: 

1 


-0.1  ,  a  xoaHocxb  onpegejieHna  gajibHocxn 
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gajibHocxH  100  MexpoB  AL— 10  MexpoB,  na  gajibHocxn  10  MexpoB 

0.1  Mexp,  Ha  gajibHocxH  1-2  Mexpa  xoaHocxb  onpegeaenna  gajibHocxn 
cocxasaaex  Beananny  nop^igKa  1  cm. 

HapaMexpbi  opneHxaunn  KA  h  OC  (onpegeaaeMbie  no  H3MepeHHaM  ox 
anxcHH  Al,  A2,  n  yA^l,  Ao2),  BCKxop  oxHocnxeabHon  cKopocxn 
(onpegeaaeMbiH  b  nponecce  peineHna  aagaan  npegBapnxeabHon 
oxHocHxeabHOH  HaBHrannn),  gaabHocxb  n  HanpaBaenne  anHHn 
BH3HpoBaHHa  noaHocxbK)  onpegeaaiox  BCKxop  cocxoanna  oxHocnxeabHoro 
gBKDKCHHa,  HeoOxognMbiH  gga  BbinoaHenna  cxwkobkh.  flpn  oxom  xoHHocxb 
onpegeacHna  BCKxopa  cocxoaniaa  na  Maafaix  paccxoannax  cocxaBaaex  ~1 
caHXHMexp  no  noaPacennio  n  1cm/c  no  cKopocxn,  axo  Bnoane  gocxaxoano 
gaa  BbinoaneHiia  cxbiKOBKn. 

B  npocxpaxicxBCHHOM  cayaae  k  anxennaM  A1-A4  HeoSxognMo 
goOaBHXb  naxjao  anxenny  A5,  pacnoaoacHB  nx  xaKHM  oSpaaoM,  axo6bi 
aHXCHHbi  Al,  A2,  A5  oOpaaoBbiBaxn  xpeyroabHHK  b  naocKOcxn  ropnaoHxa 
(npn  opGHxaabHOH  opneHxannH  KA),  aHxeHHbi  A2,  A4,  A5  oOpaaoBbiBaan 
xpeyroabHHK  b  naocKocxH  HopMaabHoii  npogoabHOH  och  KA,  a  anxenna  A3 
pacnoaaraaacb  b  oKpecxHocxH  nenxpa  axoro  xpe5(ToabHHKa.  OpH  axoM 
aHxeHHbi  A2,  A5  goaacHbi  6bixb  ycxanoBaenbi  xaKHM  o6pa30M,  axoObi 
oOecneaHBaxb  ogHOBpeMeHHyio  BHgnMocxb  HaBHxanHOHHwx  cnyxHHKOB 
(gaa  penieHHa  aagaaH  opHenxanHH)  h  nepegaxaHKa  OC  (gga  pemeHHa 
aagaan  xoanoH  oxHocHxeabHOH  HaBHxanHH). 


1.4.  Onpe/^meHHe  ffHHaMmecKHX  napaMcrpoB  KA  h  chctcmm 
ynpaBJieima 

AHnaMHaecKHe  napaMexpbi  KA  h  cHcxeMw  ynpaBaeHHa  BKaioaaKyr 
Macc-HHepnHOHHbie  xapata'epHcxHKH  KA,  KoopgHHaxw  ero  nenxpa  Macc, 
xaroBbie  xapaKxepncxHKH  gBHxaxeaeH  KoppeicnHH  h  opneHxanHH  h  x.g. 
SnaHHe  axHx  napaMeipoB  HeoOxogHMO  KaK  gaa  noBbinieHHa  xoanocxH 
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HH^JOpMaiiHK)  OT  cHCTeMbi  HaBHraiiHH  OC,  KA  peajin3yeT  pe»3iM 
npe^tBapHTCJibHOH  oxHocHTejibHOH  HaBHrapHH  H  ocymecTBJiHeT  nofljieT  k  OC 
Ha  ^iHCTaHHHK)  100-200  MexpoB,  iiocjie  Hero  peajiHayexcH  pejKHM  xohhoh 
oxHocHxejibHOH  HaBuraiHHH,  npHHajiHBaHHe  h  cxwKOBKa. 

3aKJiK>HeHHe 

npHMeHCHHe  ACH-  xexHOjiorHH  nosBOjinex  b  6yKBajibHOM  cMWCJie 
npoH3BecxH  peBOJIK)^HK)  BO  Bceii  xexHHKe  H  xexHOjiorHH  ynpaBjieHHH 
opOuxajibHbiMH  KA.  MHHHaxiopHaH  h  aKOHOMHHHaii  cHcxeMa  naBHraHHH  h 
ynpaBjieHHB  Ha  Gaae  ACH-xexHOJiorHH  cnocoOna  saivieHHXb  uejibiH 
KOMruTCKC  rpoM03/i;KHX  H  floporocxoBiUHX  CHCxeM  KA,  cyipecxBeHHO 
ynpocxHXb  aaj^any  HaaeMHoro  conpoBox(HeHH«  nojiexa. 

PaccMoxpeHHaM  b  flOKjiafle  cHcxeMa  aBXOHOMHO  oOecneHHBaex 
pemcHHe  aa/iaH  naBHrapriH,  opneHxaHHH,  cOjinxceHUB  h  npHHajiHBaHHH, 
HH4)poBOH  CBB3H  KA-OC.  llpH  pEBpaOoxKC  cooxBexcxByiomero  HaaeMHoro 
cerMeHxa  cHcxeMa  Moxcex  oSecneHHBaxb  riByxcxopoHHioK)  HH^posyio 
pay[i,HocBH3b  6opx-3eMjia,  peajiHaya  (JjyHKPHH  KOMaH^Ho-xejieMexpHHecKoii 
paflHOJIHHHH. 

ripefljioxceHHaH  OjioHHaa  cxpyKxypa  cHcxeMW  flejiaex  ee  yHHBepcajibHoii 
C  XOHKH  apeHHH  npHMeHeHHH  Ha  JHoGoM  OpOuxajIbHOM  KA,  ox  Majlbix 
CnyXHHKOB  flO  Gojlbinux  OpOuxajIbHMX  KOMrUieKCOB.  B  aaBHCHMOCXH  ox 
3an,a4  KA  annapaxHaH  nacxb  cHcxeMW  HaSHpaexcH  H3  orpaHUHeHHoro  pHfla 
yHHcj)Hij,npoBaHHbix  6jiokob,  h  xojibKO  nporpaMMHaH  nacxb  paapaOaxbiBaexcB 
nofl  KOHKpexHbiH  KA. 

BecnpeiieAeBixeH  oKOHOMUHecKHH  34)4)6KX,  KOXopbiH  Mo:*:ex  6bixb 
B;ocxHrHyx  npH  BHezipeHHH  cHcxeMbi.  HnsKafl  ceOecxoHMOcxb,  MajiWH  Bee  h 
3Hepronoxpe6jieHHe  annapaxypbi,  yHHBepcajibHocxb  cHcxeMbi,  ynpomenne 
jiexHoro  conpoBoxgi;eHHB  no3BojiBX  b  rcecaxKH  pax  chhxhxb  pacxoztbi  na 
paapaOoxKy,  HxroxoBJieHHe  h  jiexHoe  conpoBOJK^eHHe  oflHoro  H3  caMwx 
AoporocxoHiHHX  cerMeHXOB  kocmebicckoh  xcxhhkh. 


H.Bob:hh  h  ap- 


System  of  Navigation,  Orientation  and  Rendezvous  of  Orbital  Space 
Vehicles  on  the  Basis  of  the  Satellite  Navigation  Equipment  (SNE) 

Bodin  N.B.,  Branets  V.N.,  MilJiailov  M.V.,  Pochukaev  A.V.,  Pochukaev 

V.N.,  Tcherevkov  K.V. 

Integrated  system  of  navigation,  orientation  and  rendezvous  with  the  use 
of  SNE,  working  on  signals  of  the  navigating  satellites  Glonass,  Navstar  and 
pseudo-satellite,  established  on  the  station  is  considered. 

Essential  differences  of  ideology  of  a  space  vehicle  (SV)  navigation 
task’s  fulfillment  from  the  fulfillment  of  ground  objects’  navigation  task, 
requiring  other  structure  of  SNE  construction  are  shown. 

Ample  opportunities  of  SNE-technology  for  the  fulfillment  of  SV 
navigation,  orientation,  control  of  motion  and  rendezvous  tasks,  allowing  to 
realize  platformless  inertial  SV  system  without  traditional  use  of 
accelerometers,  gauges  of  angular  speed  and  angular  position,  and  also  to 
carry  out  precise  measurement  of  a  SV  relative  motion  parameters  at 
rendezvous  (accurate  to  centimeters)  and  inter-board  radio  communication 
for  an  exchange  of  the  digital  information  of  the  approached  SV  are 
considered.  The  universal  block  structure  of  system  construction,  in  which  SV 
tasks  define  its  hardware  structure  (from  a  standard  number  of  blocks)  and 
software  of  its  interface  processor,  is  offered. 

It  is  shown,  that  on  a  modem  level  of  SNE-technology  development  the 
weight,  power  and  cost  characteristics  of  the  system  are  in  tens  of  time  lower 
than  the  appropriate  characteristics  of  traditional  systems,  ensuring  the 
decision  of  the  listed  problems. 

Introduction 

At  the  moment  the  wide  development  was  received  by  the  satellite 
navigation  equipment  (SNE),  used  for  the  fulfillment  of  a  ground  mobile 
objects  of  a  wide  class'  navigation  task. 

Thus  the  significant  success  is  achieved  in  the  equipment 
miniaturization  area.  So  the  weight  of  an  electronic  plate,  carrying  out 
reception  and  simultaneous  processing  of  signals  from  12-18  Navstar  and 
Glonass  satellites  makes  100-200  grams,  and  consumption  7-10  watt  . 

Use  of  SNE  in  space  engineering  allows  to  approach  the  solution  of 
many  problems  of  space  technology  principally  on  -  new.  In  this  case,  thanks 
to  miniaturization  of  SNE-engineering,  its  low  cost,  in  space  engineering 
might  take  place,  in  literal  sense,  the  revolutionarily  radical  changes;  the 
SNE-technology  can  supersede,  or,  at  least,  to  push  significantly  traditional 
space  technology  of  navigation,  orientation,  control  and  communication. 

At  the  moment  on  a  number  of  space  vehicles  SNE  is  already  used  for 
the  fulfillment  of  navigation  tasks.  However,  as  a  rule,  it  is  the  equipment 
used  in  aviation  (in  sense  of  ideology  of  the  navigation  task  fulfillment) 
which  hardware  is  adapted  to  conditions  of  space  flight.  The  peculiarities  of 
space  technology  tasks  require  creation  of  essentially  new  ("space"  on 
ideology)  complex  system  of  navigation  (navigation  in  a  broad  sense, 
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including  navigation  of  center  of  mass,  angular  motion  and  relative  motion  at 
rendezvous,  determination  of  SV  dynamic  parameters  and  control  system, 

etc.)  on  the  basis  of  SNE-technology. 

In  the  present  report  methods  of  the  space  navigation  tasks  fulfillment 
with  use  of  SNE-technology  are  considered  and  the  structure  of  system, 
realizing  these  methods,  is  suggested. 

1.  The  tasks  of  space  navigation  and  opportunities  of  the  fulfillment 

of  these  tasks  given  by  SNE-technology. 

In  a  broad  sense  the  space  navigation  includes  the  following  tasks: 

•  Determination  of  an  orbit  SV  parameters  -  absolute  navigation, 

•  Determination  of  an  angular  SV  motion  parameters  -  determination 
of  orientation; 

•  Determination  of  the  relative  motion  of  the  two  SV  at  rendezvous 
parameters  -  relative  navigation; 

•  Determination  of  dynamic  SV  parameters  and  control  system 
(weight,  moment  of  inertia,  position  of  center  of  mass,  thrust  of  control 
engines  and  etc.). 

l.L  Absolute  navigation 

For  the  majority  of  orbital  SV,  including  vehicles  "Sojuz”,  "Progress', 
orbital  stations,  the  required  accuracy  of  ballistic  determinations  makes 
approximately  100  m.  For  the  fulfillment  of  this  task,  the  methods  of  radio¬ 
trajectory  measurements  during  1-3  revolutions  with  the  use  of  ground 
measuring  stations  (GMS)  are  traditionally  used.  GMSes  represent  expensive 
structures,  the  operation  of  which  requires  significant  material  inputs. 

Use  of  SNE  allows  to  determine  SV  orbits  practically  instantly  without 
participation  of  ground. 

Thus  it  is  necessary  to  note  the  essential  difference  in  ideology  of  the 
fulfillment  of  a  navigation  task  for  space  vehicles  and  ground  mobile  objects. 
For  ground  objects  the  model  of  their  motion,  as  a  rule,  is  unknown,  and  for 
the  fulfillment  of  a  navigation  task  simultaneous  visibility  of  the  4  navigation 
satellites  as  a  minimum,  is  necessary.  The  model  of  space  vehicles’  motion  is 
known  with  high  accuracy.  It  allows  to  carry  out  dynamic  filtering  of 
measurements,  due  to  that  the  orbit  can  be  determined  on  measurements  of 
only  2  navigation  satellites.  Thus  the  redundancy  of  the  information  can  be 
used  for  increase  of  navigation  determinations’  accuracy,  specification  of 
parameters  of  an  SV  motion  model,  etc.  So  if  for  SNE,  working  on  C/A 
code,  accuracy  of  instant  navigation  determination  makes  approximately  100 
m,  the  determination  of  an  SV  orbit  at  the  expense  of  dynamic  filtering  can 
be  supplied  with  accuracy  10-20  m. 

The  peculiarities  of  an  absolute  navigation  onboard  of  SV  task’s 
fulfillment  impose  a  certain  specificity  on  the  structure  of  the  navigation 
receiver. 

For  usual  SNE  the  navigation  task  is  fulfilled  in  the  navigation 
processor  of  the  receiver. 
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On  SV  for  the  fulfillment  of  a  complex  of  navigation  tasks,  the 
installation  of  several  aerials  and  several  receivers  is  necessary.  Each  receiver 
forms  "the  crude  information"  (pseudo-range  and  integrated  phase)  on  all 
visible  (in  "its"  aerial)  satellites.  Received  "crude  information"  from  all 
receivers  should  be  processed  in  the  uniform  navigating  processor  of  a  system 
together  with  the  model  of  a  motion  and  information  from  other  SV  aerials. 
Such  approach  simplifies  the  structure  of  each  receiver  and  allows  to  carry 
out  the  complex  fulfillment  of  a  navigation  task  with  use  of  complete  volume 
of  the  information,  being  available  on  SV. 

L2.  Determination  of  orientation 

For  the  majority  of  orbital  SV  the  required  accuracy  of  orientation 
makes  0.2-0.5°.  Traditionally  orientation  is  determined  with  the  help  of 
various  gauges  of  an  angular  position  (gauge  of  a  vertical,  solar  gauge,  etc.), 
the  measurements  of  which  are  filtered  by  a  platfbrmless  inertial  system 
(PIS),  constructed  on  the  basis  of  measurements  of  gauges  of  angular  speed 
(GAS). 

With  the  help  of  SNE,  using  a  method  of  interferometry,  the  angular 
position  of  SV  can  be  determined  with  accuracy  0.2-0.3°.  Measurements  can 
be  made  in  real  time  with  frequency  approximately  1  Hz.  Thus,  due  to 
simultaneous  processing  of  signals  from  many  satellites,  is  realized  the 
essential  redundancy  of  measurements,  which  can  be  used  for  the  increase  of 
accuracy,  and  also  for  the  fulfillment  of  a  number  of  additional  tasks  (such  as 
discovery  of  phase  indefinite,  rejecting  of  the  satellites,  giving  reflected 
signals,  etc.),  raising  safety  and  reliability  of  angular  determinations.  The 
measurements  can  be  filtered  with  the  help  of  the  traditional  PIS,  constructed 
on  base  of  GAS.  However,  in  the  present  report  the  PIS,  not  using  GASes, 
and  based  on  a  method  of  dynamic  and  kinetic  equations’  integration  of  SV’s 
motion  is  considered. 

The  block-scheme  of  such  PIS  is  shown  on  fig.  1.  In  the  scheme  the 
block  GAS  is  replaced  by  the  model  of  control  and  perturbing  moments  and 
SV  model,  realizing  the  solution  of  Euler’s  dynamic  equations.  In  the  scheme 

the  estimation  of  a  vector  of  SV  angular  speed  <^l  is  corrected  on  a 
difference  of  an  estimation  of  an  angular  position  vector  and  measurements 
of  this  vector  with  the  help  of  SNE. 

At  insufficient  knowledge  of  moments’  model  and  SV  model,  the 
parameters  of  these  models  can  also  be  corrected  on  measurements  of  SNE, 
providing  self-set-up  of  these  parameters  with  their  real  values. 

The  consideration  of  particular  algorithms  of  modeling  and  correction 
represents  an  independent  problem  and  leaves  the  frameworks  of  the  present 
repo  it. 

The  realization  of  the  considered  PIS  allows  to  carry  out  the  filtering  of 
SNE  angular  measurements,  providing  accuracy  of  determination  of 
orientation  approximately  O.T,  and  also  allows  to  have  the  information  on  an 
SV  angular  position  at  temporary  absence  of  measurements  from  SNE  (for 
example,  during  the  angular  maneuvering  of  SV). 
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For  the  fulfillment  of  angular  measuring  task,  a  few  aerials  and, 
accordingly,  a  few  SNE  receivers  should  be  established  on  SV.  The 
information  from  these  receivers  should  be  processed  in  the  uniform 
processor.  That  is,  for  the  fulfillment  of  an  orientation  task,  as  well  as  for  the 
fulfillment  of  a  task  of  absolute  navigation,  the  structure  of  system,  in  which 
the  SNE  receivers  form  the  "crude"  information,  processed  in  uniform, 
common  for  all  the  system  navigation  processor  together  with  SV  model  (and 
its  elements)  and  the  information  from  other  SV  systems,  is  expedient. 

1.3.  Relative  navigation 

The  fulfillment  of  a  relative  navigation  task  should  provide 
determination  of  a  rektive  motion  parameters  of  the  two  approaching  SV 
with  higher  accuracies  (in  comparison  with  absolute  navigation)  for 
preparation  and  the  fulfillment  of  docking. 

The  traditional  method  of  the  fulfillment  of  a  relative  navigation  task 
assumes  joint  processing  of  the  information  from  the  4  and  more  identical 
satellites,  received  on  the  2  SV.  For  the  fulfillment  of  such  task  an  inter¬ 
board  radioline  (IBRL),  ensuring  the  transfer  of  the  accepted  satellite 
information  from  one  SV  to  the  other  is  required.  The  accuracy  of  the 
fulfillment  of  a  relative  navigation  task  by  such  method  makes  3-5  meters  by 
a  position  and  approximately  I  centimeter/second  by  speed.  Such  accuracy  is 
not  sufficient  for  the  fulfillment  of  docldng,  but  it  provides  the  favorable 
entry  conditions  for  work  of  exact  systems. 

The  task  of  determination  of  a  relative  motion  parameters  with  accuracy 
of  3-5  meters  represents  a  task  of  preliminary  relative  navigation.  The  second 
problem  of  relative  navigation  is  determination  of  a  relative  motion 
parameters  with  accuracy  a  few  centimeters,  sufficient  for  maintaining  the 
docking  of  the  2  SV. 

In  the  present  report  an  opportunity  of  the  fulfillment  of  the  two 
mentioned  tasks  only  by  the  means  of  SNE-technology  (including  realization 
of  IBRL)  is  considered. 

In  a  traditional  method  of  the  fulfillment  of  a  preliminary  relative 
navigation  task  the  requirement  of  visibility  of  the  4  identical  satellites  by  one 
SNE  aerial  of  SV  and  OS  is  extremely  severe  and  not  always  can  be  carried 
out.  SV  at  rendezvous  carries  out  angular  maneuvering,  in  result  of  which  the 
axis  of  SNE  aerial  changes  the  direction  in  a  wide  range  of  angles.  OS  during 
rendezvous  keeps,  as  a  rule,  orientation  in  orbital  system  of  coordinates, 
however  SNE  aerials  of  OS  are  considerably  shaded  by  the  elements  of  the 
construction  (solar  panels,  radiators.,  etc.),  which  change  their  spatial  position 
in  time.  Therefore  in  the  process  of  rendezvous  during  some  time  the 
common  satellites  (for  SNE  of  SV  and  OS)  may  all  be  absent  or  their 
number  may  be  less  than  4.  To  make  the  fulfillment  of  the  task  independent 
of  such  situations,  special  measures  should  be  stipulated  in  the  system.  One  of 
such  measures  is  realization  of  the  PIS  for  a  relative  motion  task.  PIS  should 
form  an  estimation  of  parameters  of  a  relative  motion  by  integration  of  the 
relative  motion  equations,  taking  into  consideration  the  work  of  all  SV 
engines.  PIS  can  be  constructed  traditionally  on  base  of  GAS  and 
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accelerometers,  and  also,  by  analogy  to  the  PIS,  shown  on  fig.  1,  can  be 
constructed  on  the  basis  of  modeling  work  of  the  executive  organs  and 
solution  of  the  dynamic  equations  of  a  SV  motion  (in  this  case  of  an  angular 
motion,  as  well  as  translational).  The  correction  of  PIS  should  be  made 
according  to  the  results  of  measurements  of  the  same  satellites  on  SV  and 
OS.  Thus  for  correction  of  PIS  the  measurements  from  all  SNE  of  SV  and 
OS  should  be  used,  and  the  convergence  of  estimations  of  a  relative  motion 
parameters,  formed  by  PIS,  should  be  provided  at  simultaneous  presence  of 
measurements  from  any  number  of  the  same  satellites,  even  if  this  number  is 
less  than  4. 

The  considered  PIS  can  be  realized  in  the  navigation  processor  of  the 
system,  which  receives"cmde"  information  from  all  SNE  receivers  of  SV, 
managing  signals  on  turning  on  the  engines  of  SV  (or  signals  of  GAS  and 
accelerometers),  and  also  information  from  IBRL  with  navigation 
measurements  of  SNE  receivers  of  OS  and  parameters  of  orientation  OS. 

IBRL  can  be  realized  as  an  independent  radio-system,  ensuring  an 
exchange  of  the  digital  information  between  OS  and  SV. 

However,  it  is  necessary  to  notice,  that  the  SNE  receiver  represents  the 
multichannel  radioreceiver,  adapted  to  reception  of  the  digital  information. 

Carried  out  examinations  have  shown,  that  at  volume  of  the  accepted 
digital  information  of  several  kbytes  (that  is  quite  enough  for  the  fulfillment 
of  a  relative  navigation  task)  the  insignificant  completion  of  one  of  the 
channels  of  the  SNE  receiver  will  allow  it  to  carry  out  simultaneously  a  role 
of  the  IBRL  receiver. 

The  IBRL  transmitter  at  the  specified  volumes  of  the  transmitted 
information  can  also  be  realized  on  the  similar  technical  decisions  and  can 
be  constructed  as  a  miniature  economic  device,  managed  by  the  navigation 
processor  of  system  itself 

The  fulfillment  of  a  preliminary  relative  navigation  task  allows  to  carry 
out  approachement  of  the  two  SV  up  to  distances  of  a  few  tens  of  meters, 
then  the  system  of  exact  relative  navigation,  for  example,  the  laser  system  of 
relative  navigation,  requiring  the  knowledge  of  an  initial  vector  of  condition 
with  rather  high  accuracy,  joins  the  management.  However,  in  the  present 
report  the  system  of  exact  relative  navigation,  constructed  on  principles  of  a 
SNE-technology,  is  considered. 

Work  of  such  system  in  a  planar  case  is  illustrated  on  fig.2.  Onboard  of 
SV  SNE-receivers  with  aerials  A1-A4  and  onboard  of  OS  SNE-receivers  with 
aerials  AOl,  A02  and  transmitter  T1  are  installed. 

On  signals  of  the  satellites  received  by  the  aerials  Al,  A2  and  AOl,  A02 
orientation  of  SV  and  OS  accordingly  is  determined.  The  transmitter  T1  is 
used  as  the  transmitter  of  the  digital  information,  and  also  carries  out  a  role 
of  the  pseudo-satellite  -  phase  of  its  carrying  signal  is  used  for  the  fulfillment 
of  an  exact  relative  navigation  task.  One  of  aerials  A2-A4  is  used  for 
reception  of  the  digital  information  from  the  transmitter  Tl. 

On  aerials  A2-A4  the  signals  of  the  transmitter  Tl  are  received,  carrying 
signal  is  allocated  and  appropriate  meanings  of  a  canning  signal  cp2,  q)3,  (p4 
phases  are  fixed  in  some  moments  of  time. 
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Oil  values  of  phases  (p2,  (p3,  (p4  range  L  (distance  between  A3  and  Tl) 
and  angle  a,  determining  a  direction  of  a  sight  line  (an  angle  between  a 
longitudinal  axis  of  SV  symmetry  and  a  direction  A3-T1)  is  determined: 

TTl^  I 


(P2  -2(p3)l 
94  -92  lo! 


a  =  arcsin  -  ^  --  I 

2%  I  I  (2) 

Where  L  -  aerial  base  -  distance  between  aerials  A2-A4; 

LO  -  length  of  a  wave  of  a  carrying  signal. 

The  formulas  (1)  and  (2)  for  simplicity  are  brought  with  accuracy 


I  sjYiall  distances  between  SV  and  OS  the  calculation  should  be 
made  under  the  exact  formulas. 

In  a  spatial  case  the  deteimination  of  the  range  and  direction  to  the 
transmitter  is  made  according  to  the  measurements  from  the  4  aerials,  three 
of  which  are  placed  on  a  circle,  and  fourth  in  a  vicinity  of  the  center  of  a 
circle. 

The  error  of  determination  of  a  direction  and  range  depends  on  the 
aerial  base  1,  error  of  measurement  of  a  phase  5(p  and  range: 


■  \  ■/ 

At  the  aerial  base  1=1.5  meters,  length  of  a  carrying  wave  10  =  20 
centimeters  and  error  of  determination  of  a  phase  5°,  accuracy  of 
determination  of  a  direction  on  OS  approximately  makes  0.1°,  and  the 
accuracy  of  determination  of  range  is  determined  under  the  formula: 

1  fiY\ 

AL  =  - I 

360  V  I  y  1^  (5) 

For  range  100  meters  A  L=10  meters,  on  range  10  meters  A  L=0.l 
meter,  on  range  1-2  meter  the  accuracy  of  determination  of  range  makes  size 


about  1  cm. 

The  parameters  of  SV  and  OS  orientation  (determined  on  measurements 
from  aerials  Al,  A2,  and  AOl,  A02),  vector  of  relative  speed  (determined 
during  the  fulfillment  of  a  preliminary  relative  navigation  task),  range  and 
direction  of  a  viewfinding  line  completely  determine  the  vector  of  the 
condition  of  a  relative  motion,  necessary  for  the  fulfillment  of  docking.  Thus 
the  accuracy  of  determination  of  the  condition  vector  on  small  distances 
makes  approximately  1  centimeter  on  situation  and  Icm/s  on  speed,  which  is 
quite  enough  for  the  fulfillment  of  docking. 
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In  a  spatial  case  it  is  necessary  to  add  the  fifth  aerial  A5  to  aerials  Al- 
A4,  arranging  them  so  that  aerials  Al,  A2,  A5  formed  a  triangle  in  a  plane  of 
horizon  (at  orbital  orientation  of  SV),  aerials  A2,  A4,  A5  formed  a  triangle  in 
a  plane  of  a  normal  longitudinal  axis  of  SV  and  the  aerial  A3  placed  in  a 
vicinity  of  the  center  of  this  triangle.  Thus  the  aerials  A2,  A5  should  be 
established  so  that  to  provide  simultaneous  visibility  of  the  navigation 
satellites  (for  the  fulfillment  of  an  orientation  task)  and  of  the  OS  transmitter 
(for  the  fulfillment  of  an  exact  relative  navigation  task). 

1.4.  Determination  of  dynamic  parameters  of  SV  and  control  system 

Dynamic  parameters  of  SV  and  the  control  systems  include  the  mass  - 
inertial  characteristics  of  SV,  coordinates  of  its  center  of  mass,  thrust 
characteristics  of  correction  and  orientation  engines,  etc.  The  knowledge  of 
these  parameters  is  necessary  for  the  increase  of  accuracy  of  the  navigation 
task  fulfillment,  as  well  as  for  the  fulfillment  of  a  number  of  technological 
tasks. 

The  complex  system  of  navigation  on  base  of  SNE-technology 
considered  in  the  present  report,  allows  at  the  expense  of  precision  phase 
measurements  and  their  redundancy  to  determine  with  rather  high  accuracy 
the  mentioned  parameters.  And,  during  carrying  out  the  fiilfillment  of  a 
navigation  task  with  the  use  of  PIS,  constructed  on  the  basis  of  self-adapting 
SV  model  and  executive  organs,  this  task  is  fulfilled  automatically:  the 
required  parameters  are  determined  from  coefficients  of  models,  received  in 
result  of  a  self-set-up. 

It  is  necessary  to  notice,  that  the  model,  formed  in  result  of  a  self-set¬ 
up,  provides  the  precise  fulfillment  of  a  navigating  task,  but  not  always  the 
required  parameters  are  unequivocally  determined  from  the  parameters  of  this 
model.  For  example,  at  determination  of  SV  weight  and  thrust  of  the 
correction  engine  in  result  of  self-set-up  of  the  model,  the  ratio  of  thrust  to 
SV  weight  will  be  determined  with  high  accuracy,  and  their  absolute  values 
will  i-emain  unknown.  In  this  ca^5e,  for  example,  for  determination  of  the  OS 
weight,  the  thrust  of  the  SV  engine  can  previously  be  determined  with  high 
accuracy  during  independent  flight  (since  SV  weight  after  insertion  is  known 
with  high  accuracy).  Then  after  the  docking  of  SV  and  OS  during  correction 
of  an  OS  orbit  by  SV  engine,  the  weight  of  OS  can  be  determined  with  the 
high  accuracy.  The  made  remark  concerns  the  determination  of  absolute 
values  of  other  required  parameters  as  well. 

2.  Structure  of  system 

The  analysis  of  problems  and  peculiarities  of  space  navigation  has 
allowed  to  develop  a  unified  structure  of  system,  ensuring  the  fulfillment  of 
all  above  considered  tasks.  The  block  diagram  of  the  suggested  system  is 
shown  on  fig.  3. 

The  system  includes  n  of  SNE  receivers  (SNEl-SNEn),  m  of 
transmitters  (Tl-  Tm)  and  three  navigation  processors  (NP1-NP3). 
Receivers,  transmitters  and  navigation  processors  are  incorporated  into  a 
network  on  the  interface  of  PC  485.  The  navigation  processors  are  connected 


N.Bodin  etc. 


with  BDCS  of  SV  through  the  multiplex  channel  of  an  exchange  MCE. 

The  number  of  SNE  receivers  and  transmitters  is  determined  by  SV 
tasks,  requirements  on  reliability  of  the  system.  For  example,  for  the  above 
considered  navigation  tasks  of  a  manned  vehicle  and  orbital  station  the 
minimum  structure  of  SV  system  is  5  SNE  receivers,  and  for  OS  -  three  SNE 
receivers  and  one  transmitter.  Depending  on  a  degree  of  redundancy  of  the 
system  elements,  or  for  the  fulfillment  of  additional  tasks  (for  example, 
maintenance  of  bilaterial  communication  SV-OS)  the  number  of  receivers 
and  transmitters  can  be  increased. 

The  navigation  processor  carries  out  management  of  the  system 
equipment,  processing  of  all  the  received  from  SNE  and  BDCS  of  SV 
information,  fulfillment  of  all  navigation  tasks.  NP  is  the  keeper  of  the 
uniform  system  time  (for  all  SNE),  which  during  the  work  of  SNE  is 
synchronized  with  system  time  UTC  USNO  or  UTC  SU,  it  is  a  source  of 
exact  time  for  BDCS  of  SV.  For  maintenance  of  work  of  all  SNE  in  uniform 
time  and  simplification  of  the  fulfillment  of  many  navigation  tasks  all  SNE 
are  fed  from  the  uniform  generator  of  frequency,  established  in  NP. 

With  the  puirpose  of  reservation,  the  structure  of  the  system  includes 
three  NP,  working  in  a  cold  reserve.  Turning  on  the  reserve  NP  is  carried  out 
by  BDCS  of  SV. 

The  considered  system  is  universal  and  can  be  used  on  any  orbital  SV, 
including  geostationary  SV,  carriers,  acceleration  blocks,  etc.  Depending  on 
the  tasks  of  SV  the  structure  of  system  and  NP  software  are  determined. 
Thus,  if  in  the  circuit  considered  on  fig.  3  NP  is  the  terminal  for  BDCS  of 
SV,  then  if  necessary,  NP  can  carry  out  a  role  of  BDCS  of  SV  as  well,  being 
the  controller  and  carrying  out  the  management  of  all  the  SV  systems  on  the 
interface  of  PC  485  or  MCE. 

It  is  also  necessaiy  to  note,  that  the  suggested  system  can  provide  a 
bilaterial  digital  communication  with  the  Earth,  carrying  out  the  function  of 
a  command-telemetering  radioline  as  well,  For  this  purpose  in  SNE  the 
appropriate  channels  of  communication  should  be  stipulated,  and  the 
appropriate  transmitters  should  be  included  to  the  structure  of  a  system.  In 
this  case  the  considered  system  will  provide  the  fulfillment  of  the  whole 
complex  of  tasks  of  a  space  vehicle  control. 

3.  Functioning  of  the  system 

We  shall  examine  the  functioning  of  the  system  on  the  example  of  the 
sequential  fulfillment  of  the  taslcs  of  navigation  and  control  of  the  manned 
SV,  inserted  into  an  orbit  for  rendezvous  with  OS.  We  shall  assume,  that  the 
parameters  of  OS  orbit  are  known  and  beforehand  are  entered  to  NP  of  SV. 
Beforehand  the  almanacs  of  the  satellites  and  the  settlement  parameters  of 
SV  orbit  after  leading  out  are  also  entered  in  NP.  After  leading  out  on  an 
orbit  SV  is  in  non-oriented  position  and  its  angular  speed  makes  3-5  °/sec. 

At  turning  on  the  system,  knowing  the  almanacs  of  the  satellites  and  the 
rough  parameters  of  an  orbit,  SNE  provides  fast  search  of  signals  of  the 
satellites  and  rough  determination  of  SV  angular  speed.  After  dumping 
angular  speed  a  task  of  SV  absolute  navigation  and  orientation  is  fulfilled,  the 
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construction  of  orbital  orientation  with  the  use  of  PIS  on  the  basis  of  SV 
model  and  executive  organs  is  carried  out.  On  measured  parameters  of  SV 
orbit  and  known  parameters  of  OS  orbit  in  BDCS  of  SV  the  ballistic  problem 
of  leading  SV  out  to  a  point  of  meeting  is  calculated  and  then  fulfilled. 

The  point  of  meeting  of  SV  and  OS  is  calculated  from  conditions  of 
SV’s  hitting  the  area  of  radiocapture  of  the  OS  transmitter  signal.  Receiving 
the  information  from  OS  system  of  navigation,  SV  realizes  a  mode  of 
preliminary  relative  navigation  and  carries  out  the  approach  to  OS  on  a 
distance  of  100-200  meters,  then  a  mode  of  exact  relative  navigation,  final 
approach  and  docldng  is  realized. 

The  conclusion 

Application  of  SNE-technology  allows  in  literal  sense  to  make 
revolution  in  the  whole  engineering  and  technology  of  orbital  SV 
management.  Miniature  and  economic  system  of  navigation  and  management 
on  base  of  SNE-technology  is  capable  of  replacing  the  whole  complex  of 
bulk}'  and  expensive  SV  systems,  essentially  simplify  a  task  of  the  ground 
support  of  a  flight. 

The  system  considered  in  the  report  independently  provides  the 
fulfillment  of  tasks  of  navigation,  orientation,  rendezvous  and  docking,  digital 
communication  SV-OS.  At  development  of  the  appropriate  ground  segment 
the  system  can  provide  bilaterial  digital  radiocommunication  board  -  Earth, 
reahzing  the  function  of  a  command-telemetering  radioline. 

Offered  block  structure  of  the  system  makes  it  universal  from  the  point 
of  view  of  application  on  any  orbital  SV,  starting  from  the  small  satellite  up 
to  large  orbital  complexes.  Depending  on  SV  tasks  the  hardware  of  system  is 
collected  from  a  limited  number  of  unified  blocks,  and  only  the  program  part 
is  developed  for  a  particular  SV. 

Economic  benefit,  which  can  be  achieved  at  introduction  of  the  system 
is  unprecedented.  The  low  cost  price,  small  weight  and  quantity  of  the 
consumed  energy  of  the  equipment,  universality  of  the  system,  simplification 
of  the  flying  support  will  allow  to  lower  in  tens  of  time  the  charges  on 
development,  manufacturing  and  flying  support  of  one  of  the  most  expensive 
segments  of  space  engineering. 
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O  paAHOHHTepKj)epoMeTpHHecKOH  noflCHCTCMe  HascMHoro 
KOMiuieKca  ynpaBjieHHfl  KA. 

CMbiimmeBa  T.T.  UHHHMAUI,  r.KopojieB  yji.nHOHepcKaa  4, 
npoxopoB  BA.  r.KopojieB  yji.IlHOHepcKaa  4, 

CxapocTHH  B.H.  PKA,  r.MocKBa,  yji.mEIlKHHA  42, 

Tcji.  513-51-47 

B  cBHaH  c  yMeHbmeHHeM  Ha  xeppHTOpHH  Hameft  cxpaHW  MHCJia 
HaseMHbIX  KOHTpOJIbHO-H3MepHTejTbHbIX  IiyHKTOB,  BbinOJIH^IOmilX  TpaCK- 

TOpHbie,  KoopflHHaTHbie  H  HaBHranHOHHbie  H3MepeHiM  MC3,  PH  h  PB, 
KpaiiHe  aKTyajibHOH  cTajia  3afla’3a  iioBbimeHUH  tohhocth  yKasaHHWX 

H3MepeHHH  npH  MaKCHMEUIbHOH  3KOHOMHH  CpeflCTB.  OflHHM  H3  Ba- 
pHaHTOB  peiueHHa  3toh  npo6jieMbi  aBJiHexca  npHMeHeHHe  paflHoacxpo- 
HOMIMeCKHX  4)a30CXa6HJIbHbIX  HHX6p4)epOMeXpOB,  n03B0Jiai0mHX  npOBO^lHXb 
H3MepeHiifl  yrjioBbix  KOOp;^HHax  oS'beKXOB  h  napaMexpoB  hx  xpaeKxopHH 
B;H4>cl)epeHHHajIbHbIM  MeXOflOM  C  BHCOKOH  XOHHOCXblO  npH  HajIIWHH  flsyx- 
xpex  nyHKXOB  cjiexceHHa. 

AHaJIII3  ^J^^OMeXpH^ieCKIIX  MeXO^OB  KOOp^IHHaXHblX  H3MepeHHH,  a 
HMCHHO  paflHOaCXpOHOMPraeCKHX  HHXep4)epOMeXpOB,  Kax  BblCOKOXOqHWX 
4)a30H3MepHxejibHbix  HHCxpytaeHxoB,  noxaabiBaex,  qxo  npHMCHeHHe 
nocjie;i;HHX  fljia  xpaeKxopnwx  h  KOOpflHHaxHbix  H3MepeHHtt,  KOHXpojia  h 
yqexa  BjiHBHiia  cpe^bi  pacnpocxpaHeHiw  paOTOBOjiH  Moxcex  oSecneqHXb  b 
COHCXaHHH  CO  HIXaXHblMH  HaElHXaHHOHHblMH  CpCflCXBaMH  cymecxBCHHoe 
noBbiiucHHe  34)(J)eKXHBH0CXH  pajiHoxexHHqecKHX  cpezicxB  cjiexceHna  3a  KA. 

B  CHCXCMaX  flajIbHCH  KOCMHHCCKOH  CBH3H  (AKC)  OCo6o  aXXyaJIbHblMH 
aBjiaioxca  3azi;aqH  onpezzejicHHii  nojioxceHna  KA  h  yBCJinqeHHH  zzajibHocxH 
npHCMa  cHrHaJioB  KA.  Sazzaqa  xoqHoro  onpezzejieHHa  KoopztHHax  h  cko- 
pocxH  KA  Ha  AajisKHX  ox  3eMjiH  opBnxax  peiuaexca  c  noMombio  PCAB,  ho 
npH  3XOM  oqeBHZieH  ochobhoh  He^ocxaxoK  -  3HaqHxejibHoe  (  jio 
HccKojibKHX  cyxoK)  BpcMa  Mcxcgy  npHCMOM  cHXHajia  h  nojiyqeHHCM  pe- 
3yjibxaxa  (xpaeicropHH  nojiexa),Koxopbiii  HCKJiioqaex  BoaMoxoaocxb  npHMC- 
HCHna  PC/],B  zvia  onepaxpLBHOH  paBoxw  no  HHXKOopSnxajibHbiM  HC3,PH  n 
PB.  KpoMe  3Xoro,He  peaji[H3yioxc5i  boxmoxoiocxh  paxpeiucHHa  rjio6ajibHbix 
HHcxpyMCHXOB  H3-3a  paajiiWHbix  annapaxypHbix,  MexoflHaecKHX  h  bhciiihhx 
4)aKxopoB.  Majio6a30Bbie  (ox  coxen  MexpoB  no  100  km)  cHcxeMbi  hmciox  paa 
HpeHMymecxB,  a  hmchho; 

1)  nepeflaaa  flaHHWX  zvia  o6pa6oxKH  Beziexca  b  peajibHOM  BpcMe- 
HH,  Hxo  no3Boaaex  yMCHbinuxb  flo  npezzeaa  "BpeMa  BoxBpaxa  ,  xo  ecxb  Bpe- 
Ma  Mcxcziy  npHCMOM  ziaHHbix,  HoayaeHHeM  peayabxaxa  h  Bbizi,aqeH  cooxbcx- 
cxByioiHHX  KOMaHzi;  na  KA; 

2)  KoppeaaHHOHHaa  oGpaGoxxa  b  peajibHOM  BpcMCHH  no3Bo- 
jiaexnpHMCHaxb  xexHHKy  h  McxoAHKy  o6pa6oxKH  MajioOaxoBbix  chcxcm  h 
HCKjnoHHXb  HeflocxaxKH  PCAB; 

3)  oOmHH  rexepoflHH  hjth  cHHXpoHH3HpyeMbie  rexepozi;HHbi 
ocaaOaaiox  xpcOoBanna  k  aacxoxHOH  cxaGnabHocxH  renepaxopoB; 
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4)  yj^eHbmaioTca  oiuhGkh,  oGycjiOBjieHHwe  HecTa6HJibHocTbio 

cpe/ibi 

pacnpocTpaHeHHJi,  xaK  KaK  Ha  Majibix  6a3ax  3th  3(J)4)eKTbi  oSmae 
o6eHX  npneMHbix  aHTenH; 

5)  6ojibiUHe  nepHO/tbi  HHTep4)epeH^HOHHOH  KapxHHbi  h  Heorpa- 
HH^ieHHOCXb  Bbl6opa  KaJIH6pOBOMHbIX  BHeseMHbIX  paflHOHCXO^HHKOB  no 
Bbicoxe  no^i;i>eMa  nafl  ropnaoHxoM  o6jierHaK)x  aanncb  h  rpa4)HK  npose- 
aeHHMKajinSpoBOMHbix  HaSjHo^eHHH  H  xaoce  cHHXcaiox  BjiHanne  axMo- 
cct)epbi  Ha  4>a3y  ciaxHajia; 

6)  SjiaroflapH  xoHHOMy  onpeziejicHHio  BejinHHHbi  3aAepxaai  chx- 
HajioB  ox  napbi  anxenn  h  CBeflCHHio  hx  b  nyHKx  o6pa6oxKH  b  peajibHOM 
BpeMeHH  B03M0XCH0  CyMMHpOBaHHe  CHXHajIOB  Bcex  HpHeMHblX  aHXCHH  no 
BbicoKOH  Macxoxe  6e3  npeflBapHxejibHon  aanncn  orpoMHwx  o6i.eMOB 
HH4>opManHH  (iTO  Boo6ui,e  npo6ji[eMaxiiHHo). 

Jlfla.  coxpaneHHM  h  paaBHXHH  HayHHO-xexHnqecKnx  flocxHXceHHH  b 
o6jiacTH  HHTep4)epoM6Xpi[qecKHX  M6xo;i;ob  paapaSoxanbi  npefljioxceHHH  no 
coxflaHHK)  cHcxcMbi  Ha6jno;ieHH}i  KocMHqecKHX  annapaxoB  Ha  i^one  bhc- 
aeMHbix  paq,HOHcxoqHHKOB  c  noMonibK)  MajioSasoBbix  HHxep(J)epoMexpnqe- 
cKHXKOMmieKcoB.  Ha6jiK),a;aB  nooqepe^Ho  payUnoncxoqHHKH  h  KA,  j[i;BHX<y- 
mnecB  no  He6y  na  4)OHe  pa^noHcxoqHHKOB,  moxcho  onpe^ejiHXb  yrjroBbie 
KoopflHHaxbi  nocjieB^Hero  c  BccbMa  bhcokoh  xoHHocxbio,  xaK  kbk  Koopflu- 
Haxbi  onopHbix  paztHOHcxoqHHKOB  HSBecxHbi  c  norpeiUHocxHMH  0,01-0,001 
yrjTOBOH  ceKyHflbi.  3xa  ji,H4)4J6peHu;HajibHaH  Mexo^HKa  BbicoKoxoHHbix  HaBH- 
rannoHHbix  H3MepeHHH  yrjioBbix  Koopannax  n  ojieMenxoB  opOHXw  KA  no- 
BBOjiBex  cymecxBeHHo  yMeHbiUHxi.  norpemnocxH  H3MepeHHH,  oOycjioBJieH- 
Hbie  BjiHHHHeM  axMoc4>epbi  SeMJin  h  flpyrHMH  (|)aKxopaMH. 

CosflaHHe  Ha  Oaae  HeKoxopwx  anxeHHbix  KOMnjieKcoB  HaxeMHWx  h3- 
MepnxenbHbix  nyHKxoB  paOToacxpoHOMHqecKHX  Majio6a30Bbix  ^aaocxa- 
OmibHbix  HHxep(J>epoMexopoB  no3BOJiHx  npoBOflnxb  npennanoHHbie  H3- 
MepcHHB  5n'jioBbix  KoopBiHHax  KA  aH(J)4)epeHi];HajibHbiM  MexoflOM  oxhoch- 
xejibHo  pa  z^hohcxohhhkob  h  cyuj;ecxBeHHO  noBbicHXb  xobhocxhoh  noxen- 
nnaji  HaranHOHHbix  cpefl,cxB. 

Mcxo/ia  H3  BbimecKaaaHHoro,  mo^kho  onpe^iejinxb  cjie^yiomHe  3xanbi 
paOoTbi  no  coBflaHHK)  paflnoHHTep^JepoMexpHqecKOH  no/^cncxeMbi  naacMHo- 
ro  KoMEUieKca  ynpaBjieHPw  KA. 

a)-  3KcnepHMeHxajibHbie  nccjreflOBaHHB  no  xpacKxopHbiM  h  Koopan- 
naxHbiM  HaMepHHHHM  c  Hcnojib30BaHHeM  4^a30cxa6HJibHbix  Majio6a30Bbix 
HHxep4)epoMexpOB: 

-oxpaOoxKa  ajiropnxMOB  pacnexoB  n  nporpaMMHoro  oOecneqe- 
HHH  H3MepeHHH  Ha  flByXOaeMCHXHOM  HHCXpyMCHXe  C  nepCMeHHOH  6a30H 
ox  15  ao  130  M  Ha  aacxoxe  151  Mxh  npH  npneMe  cnraaaoB  HC3  xnna 
"TpaH3Hx"; 

-  paapaOoxKa  nan  npHoOpexenne  yajioB  annapaxypbi  na  nacxoxbi 
930,  1200,1600  Mru;  (inxaxHbie  paOoane  aHanaaoHbi  oxeqecxBCHHbix  JCA 
M  HHC3  ’TJIOHACC");  npoBeaenne  KoopannaxHbix  h  xpaeKxopHbix  h3- 
MepeHHH  aByx3aeMeHXHbiMH  nnxepcjjepoMexpaMH  zieu,HMexpoBoro  awana- 
30Ha  aH(i)4)epeHniHajibHbiM  MexoaoM; 


r.CMbimaHeBa  n  ap. 


6)  MaxeMaTiwecKoe  MOflcjiiipOBaHHe  aajiaHH  nejieyKaaaHiia  jjjifi  bw- 
6opa  napaMCTpOB  npHCMHoro  HHTep4)epoMeTpiBiecKoro  KOMiuieKca  c  yqe- 
TOM  peayjibxaTOB  aKcnepHMeHTarrtHwx  HCCjieflOBaHHH; 

b)  MaxeMaTHHecKoe  Mo;iejiHpoBaHHe  3a;i.aHH  c  iiejibio  onpe^ejicHiM 
onxHMajibHOH  KoiK^HiypanHH  KOMiuieKca  H  npoii:eflypbi  HSMepeHHH; 

r)  paccMoxpeHHe  BonpocoB  coBMemeHna  paziHoacxpoHOMHHecKiK 
H  HaBHxaitHOHHbix  aHxeHHbix  cHcxeM,  annapaxypbi  h  mcxoahk  H3MepeHHH; 

fl)  pa3pa6oxKa  xexHOTecKHX  npeflJioKeHHH  no  HcnojibsoBaHHio 
HMeiomHxca  naaeMHbix;  npneMUbix  KOMnjicKcoB  KOopflUHaxHMX  n 

xpaeKxopHbix  naMeperoiH  no  coBMemeHHbiM  MexoflHKaM. 

e)  co3^aHHe  Kaxai[ora  BHcaeMHWX  onopHWX  pa/i,HOHCxoHHHKOB  c 
nejibio  o6ecneneHH5i  ^^H4)c[)epeHnHajibHoro  Mexofla  H3MepeHHH  yxjioBbix  ko- 
op^nax  KA. 


r.CMbinuiiieBa  n  ap. 


O  npHMeHCHHH  paflHoacTpoHOMJPiecKoro  nojwpHaaiXHOHHo- 
4>apaAeeBCKoro  MeTo,n:a  HSMepeHHJi  nojiHoro  3Ji[eKTpoHHoro 
cofl;ep3KaHiiH  HOHoc(^epw  nojibsoBaTejiaMH  rjio6ajibHWMH 
cnyTHHKOBWMH  HaBHraii;HOHHbIMH  CHCXeMaMH. 


B.A.PasHH,  npo(J)eccop  aaBjiaGopaxopMM 

603600  Hiochhh  HoBropo/i;,  yji.Bonbuiaa  neqepcKaa,25 
HayHHO-HCCJie^tOBaTejIbCKHH  pa^(HO(|)H3MHeCKHH  HHCTHTyr 
A.H.Teruibix,  aaB.ceKxopoM 

603600  HixacHMM  HoBXopo/t,  yji.Bojii.maH  neHepcKaH,25 
HayHHO-MCCJieH,OBaxe.JIBCKHM  pa/i;H04)H3HHeCKHH  MHCXHXyx 
r.r.CMHimiHeBa,  Han.ceKxopa,  k.x.h.,  c.h.c. 

141070  r.  KopojieB  yjT.nHOHepcKaH,4 
UHHHMAUI 
xeji  513-51-47 

MHoxHe  nojibsoBaxejiH  xjioGajibHbiMH  cnyxHHKOBHMH 
HaBMrapHOHHbiMH  cHcxeMaMH  pacnojiararox  ojtHOHacxoxHOH  annapaxypoH, 
npH  H3MepeHHHX  c  KoxopoH  HOHoc(J)epHafl  3aji,epaaca  cnyxHHKOBbix  cHXHajioB 
cxaHjjapxHoro  MecxoonpeflejieHHH  (50 -100m)  hbjihcxch  oj^hhm  h3  ochobhbix 
MCXOHHHKOB  omMBoK  B  onpeflejieHMM  KoopflMHax.  C  3XHM  CBfl3aHO  6ojibmoe 
BHMMaHHe,  yaejiHeMoe  npoGjicMe  HCKJiioHeHHH  HOHOccJjepHbix  norpemHOcxeH 
B  HaBHXapHOHHblX  H3MepeHMflX  IlpM  HCnOJlbSOBaHKH  OflHOHacxOXHOH 
armapaxypbi.  OjjHaKo  h  npn  Hcnojib30BaHHH  flByxMacxoxHOH  annapaxypbi 
Heo6xoHHM  yqex  ocxaxoHHOH  HOHoc4)epHOH  noipemnocxn  H3MepeHMH. 
HoHoc(|)epHaH  aajjepxKa  pa/jHocHXHajtoB  Ha  xpacce  HHC3  -  oGbCKx  saBMcnx 
ox  nojiHoro  sjieKxpoHHoro  coj^epjKaHHH  woHoccJjepbi  (n3CH),  Koxopoe  b 
CBOK)  oHepej],b  saBMCHx  ox  BpcMeHM  cyxoK,  ceaoHa,  cojihchhoh  aicxHBHocxH, 
reorpa(|)HHecKHX  Koopji^HHax  o6i>eKxa  h  KoopjJiHHax  cnyxHWKOB. 
MaxeMaxHHecKoe  MojiejiHpoBaHHe  BapMaHHH  n3C  HOHoccJjepbi  (Bn3CH) 
jjocxaxoHHo  cjiojKHo  H  cBH3aHo  c  iipHBjieHeHMeM  pejioro  pHj^a  ynpomaiomHx 
/jonymeHHH,  cnpaBe/mHBocxb  Koxopbix  nyxcflaexca  b  o6ocHOBaHHM.  Oxciojia 
HCHa  BaJKHocxb  aKcnepHMCHxajibHoro  H3MepeHMH  Bn3CH. 

C  noBbimeHHeM  xpeSoBaHHH  k  tohhocth  H3MepeHHH  c  noMombio 
KOCMHHeCKHX  HaBHXapHOHHblX  CHCXeM  ByfleX  nOCTOHHHO  B03paCTaXb 
HeoBxo/iHMocTb  rjioBajibHoro  MOHHXopHHra  iioHoc(J)epbi. 

Mexoflbi  onpeztejieHHH  nojiHoro  ajieKxpoHHoro  co;;epxcaHHH 
HOHOctJjepbi  (n3CH)  H  ero  BapHapHH  (Bn3CH)  o6jiiaB;aiox  pHflOM  ne- 
BiocxaxKOB,  p;ejiaK)iii;HM  hx  MajionpHro^HbiMH  fljia  HenpepbiBHoro  koh- 
XpOJia  COCXOHHHH  HOHOC^Jepbl.  TaiC  Mexofl  HOHOC(})epHOrO  30HB:HpOBa- 
HHH  cHH3y  ocHOBaH  Ha  MOy^ejibHbix  npe.2icxaBJieHPiHX  o  pacnpe/^ejieHHH 
ajieKxpOHHOH  KOHLi;eHXi)aii;HH  b  iioHoc(J)epe  h  HeayBcxBUxejieH  k  H3Me- 
HeHHHM  3JieKXpOHHOH  KOHIjeHXpaUiHH,  npOHCXOflHmUM  BbllUe  MaKCH- 
MyMa  F2-CJIOH,  hxo  Moxcex  b  ox^ejibHbix  cjiyqaax  npHBo^HXb  k  oxhoch- 
xejibHbiM  omnBKaM  b  onpeflejieHHH  n3C,  npeBocxo.zr^mHM  100%.  Ero 
KOMOHHamiH  c  MexoflOM  30Hzi;HpoBaHHH  cBcpxy  xpeByex  aiacypaxHoro 
"cniHBaHHH"  nOJiyneHHblX  O.ZIHOBpeM6HHO  npO(J)HJieH  3JieKXpOHHOH 
KOHHeHxpaLiHH  H  He  oGecneHHBaex  HenpepwBHocxH  KOHxpojia, 

Mexoflbi,  ocHOBaHHbie  Ha  H3MepeHHH  cnyxHHKOBbix  paziHocHrna- 
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jioB  KorepeHTHbix  nacTOT  h  pasHocTHoro  ^oiuiepa 

(HcnojibsyioTCH  ^Jls^  3Toh  E^ejiH,  Kaic  npaBHJio,  HC3  c  nojiHpHWMH  Kpy- 
roBMMH  opSHTaMH)  no3BOJiHK)T  HOJiyHaTb  "pa3pe3bi"  n3C  no  reorpa- 
4)HHeCKOH  IIIHpOTe,  HO  JIHIIIb  BO  BpeiVW  nOJICTa  HC3  H  TOJIBKO  flO  TOH 
BbicoTbi,  Ha  KOTopoH  OH  npojieTaex. 

Mexofl  H3MepeHiM  4)apazieeBCKoro  noBopoxa  njiocKocxH  nojiapn- 
saHHH  jiHHeHHO  nojMpH30BaHHoro  pa^HOHajiyneHHH  ox  nepe^axHHKOB, 
ycxanoBjreHHbix  Ha  reocxaixHOHapHbix  MC3  jotaex  B03M05KHocxb  nojiy- 
qaxb  HenpepwBHyio  HH(i)opMaHHio  o  n3C,  o^^HaKO  c3nHecxBeHHbiM  He- 
/^ocxaxKOM  ero  aBJiflexca  neBoxMoacHocxb  ero  npHMeneHHH  na  cpeflHHX 
H  BbicoKHX  mnpoxax,  xfle  reocxannoHapHbie  HC3  Ha6jiio/];aexcH  nozi, 
HH3KHM  yPJIOM  K  XOpHSOHXy.  TaK,  Ha  IHHpOXe  MoCKBbI,  6CJIH  nyHKX 
Ha6jiK)fleHHH  H  HC3  jiexcax  b  njiocKocxH  oflHoro  MepWHaHa,  ero  yroji 
Mecxa  h  cocxaBJwex  BejiixxHHy  okojio  30°.  Ecjih  flojiroxa  nyHKxa  na- 
6jiioaeHH5i  H  reocxaHHOHapHoro  HC3  He  coBna^aiox,  c  hx  pasneceHH- 
6M  yroji  Mecxa  HC3  pe3KO  yMeHbiiiaexcH  h  npH  pa3HHH,e  flojirox,  na- 
npHMep  60°,  Ha  xoh  xce  uinpoxe  cxaHOBHXca  MeHbnie  10°.  nojiy^ieHHbie 
xaKHM  o6pa30M  ziaHHbie  cyMMHpyroxca  na  flocxaxoHHO  OojibiuoM  hh- 
xepBajie  reorpa4)HHecKHX  niHpox,  hxo  npn  HajirraHH  ropHsoHxaxbHwx 
ipaaHeHXOB  ajICKXpOHHOH  KOHpeHXpanHH  Moxex  npHBOflHXb  K  6ojIb- 
lUHM  oiunOKaM  b  onpeaejieHHH  Bn3CPI. 

riepeHHCJieHHbix  He^ocxaxKOB  jiHiuen  pa.nHoacxpoHOMHHecKHH 

noaapH3aii;noHHo-(J)apa;ieeBCKHH  (PATIO)  Mexofl  H3MepeHHH  n3C 

HOHOC(|>epbI. 

PATIO  Mexofl  ocHOBaH  na  npHeMe  jiHHeHHo  nojiapnaoBaHHoro 
rajiaKXHHecKoro  pa^HOHSJiyHeHHa  h  nosBOjiaex  HcnojibsoBaxb  neKoxo- 
pbie  oOjiacxH  neOocBo^a  b  Ka^iecxBe  ecxecxBeHHWX  hcxohhhkob  jih- 
HeHHO  noaapHBOBaHHoro  paflHonajiy^eHiM  jinn  "npocBe'XHBaHHa 
HOHoc4)epbi. 

Ecjih  HOHOcOepy  cHHxaxb  cOepH^ecKH  cjiohcxoh,  xo  yroji  hobo- 
poxa  njiocKocxH  nojiHpH3anHH  pa^HOHXjiyHeHHH 

Ic  r 

y/  =  “  I  NeB  cos  a  secz  dh 
^  0 

me  z  -  yroji  Mexojy  HanpaBjieHHeM  na  hcxomhhk  h  BepxHKa- 
jibK)  Ha  Bbicoxe  h. 

a  -  yroji  Mexgiy  naiipaBjieHHeM  MarHHXHoro  hojih  h  jiyxeM 

apeHHH. 

BbiHoca  3a  3HaK  HHxerpajia  neKoxopoe  cpeji,Hee  3HaHeHHe 
B  =  Bcosa  secz,  nojiy^aeM 

</>  = 

V 

h 

Nf,  =  j  Nedh 

0 

rji,e  -  ojieKxpoHHoe  cojiepxcaHHe  HOHOciJiepbi  j];o  bmcoxw  h. 

IlocKojibKy  B  flaHHOM  cjiy^ae  hcxohhhk  jiHHeHHo  nojinpHsoBaH- 
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Horo  paflHOHsjiyqcHHH  HaxoflHTCH  flajieKO  3a  npe^eJiaMH  HOHOc4)epbi, 

00 

TO  h=oo  H  J  Nedh  =  npeflCTaBjiacT  co6oh  nojiHoe  ojieKxpoHHoe  co- 

0 

flepxcaHHe  HOHOc4jepLi. 

fljiH  H3MepeHiiH  4>apafleeBCKoro  noBopoxa  njiocKocxH  nojiapHxa- 
LtHH  rajiaKXHB[ecKoro  jiHHeHHo  nojiiipHXOBaHHoro  paB;HOH3JiyHeHii5i  b 
HOHoc(J)epe  H  nocjie^riyioiiiero  BbrHHCjieHHH  n3C  Heo6xoB;HMO  3HaHHe 
3aHOHOc4)6pHoro  BHaHCHHa  nosHiiHOHHoro  yrjia  xo  i  to  ecxb  iioxhiih- 
OHHoro  yrjia  njiocKocxH  nojiiipHxaitHH  paflHOHXJiyqeHPiH  oSjiacxH  Fa- 
jiaKTHKH,  Bbi6paHHOH  B  KaqecxBe  axajioHHOH,  Ha  Bxofle  ero  b  hoho- 
c(|)epy.  npH  3TOM  (J)apafleeBCKHH  noBopox  \|/  Syflex  paBCH 

-  Xo 

rjxe  X  -  TeKyI^ee  3HaHeHHe  H3MepaeMoro  paflHonojiBpHMexpOM  no- 
sHHHOHHoro  yrjia  iuiockocxh  riojiJipHxaiiHH  perncxpHpyeMoro  pa^^no- 
H3jiyqeHHH.  B  axoM  cjiyqae  nonjxiaeM 

(z-xoy 


N,.  := 


IcB 


npH  o^pe;^eJIeHHH  xo  Hccjie/iyeMbix  oSjiacxeii  b 

HHPtPH  Hcnojib30BajiHCb  B;aHH[bie  o  KpHxirqecKHx  qacxoxax  fo  F2,  no- 
jiyqeHHbie  Ha  cxaHHHH  HOHocc[)epHoro  30HB,Hp0BaHHH  b  aaropoziHOH 
JiaGopaxopHH  HHPOH  "SHMeHKH".  Mcnojibxyq  hx  1130  moxcho  aann- 
caxb  KaK 

N„  D=l,24  10'°  (fo  F2)'  D, 

T^e  -  aaeKTpoHHaa  KOHU,eHxpamM  b  MaKCHMyMe  cjio«  F2,  fo 
F2  Bbipaacena  b  MFh,  a  acjKjjeKXHBHaH  TOJimnna  HOHoc^jepbi  D  b  kh- 
JioMexpax.  /laHHfaie  o6  34)4)eKXHBHOH  xojimHHe  HOHOC(i)epbi  mox<ho 
nojiyqHXb  no  HaMepeHi-niM  apyraMH  Mexo^taMH  hjih  c  Hcnojib30BaHHeM 
MOflejien  HOHoc4)epbi. 

Cxpon  Ha  rpacJjHKe  xaBHCHMocxb  N„,  nojiy^ienHyio  xaKHM  o6pa30M 
ox  H3MepeHHbix  nojiBpH3anHOHHo-4)apafleeBCKHM  MexoflOM  b  xe  xce 
MOMeHXbi  BpeMeHH  3HaqeHHH  %  nepno^a,  Kor^(a  fo  F2  cymecxBeH- 
Ho  MeeqioToi,  H  3KcxpanojiHpyH  ee  xaxeM  m  hj^jicboxo  XHaneHUH 
Nn=0,  nojiyqaeM 

X(  N„=0)=  Xo 

OxMexHM,  Hxo  npH  H3MepeHH[H  BapnanHH  nojiHoro  ajieKxpoHHoro 
co^iepxcaHHH  A  N„  anaHHa  xo  He  Tpe6yexcB,  nocKOJibKy  b  3tom  cjiyqae 


AN.  -  k  - 


B 


rae  Ax  -  BapnanHH  (J)apan;eeBCKoro  BpameHHsr  b  HOHoccJjepe  ox- 
HocHxejibHO  npoH3BOJibHoro  yrjia. 

TonHocxb  H3MepeHHH  BapHapHH  ANn  Bbime  xonnocxH  onpe^e- 
aeHHB  Nj,,  T.K,  npH  3XOM  HCKJIK»Ha6TCa  OIUHSKa  B  OnpeflejieHHH  Xo- 

OnHcbiBaeMbiH  mcxoa  HMeex  paa,  npeHMymecxB  nepea  apyxHMH 
paaHo^JHSMMecKHMM  MexoaaMH  M3MepeHHa  BapHanHH  noanoro 
aaeKxpoHHoro  coaepacaHMH  HOHoc4)epbi:  oGecnexHBaex  nenpepbiBHocxb 
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H3MepeHHH  M  MO)KeT  c  ycnexoM  npHMeHKTbcji  b  nyHKxax  c  npoHSBonbHbiMH 
reorpa(J>i«ecKHMH  KoopflHHaxaMH.  Mexofl  npocx,  aKOHOMMqeH  h  HaaeaceH. 
Bo3MoacHa  nonHaa  aBXOMaxHsapHa  h  nepeflana  3XHX  jjaHHbix  noxpeGnxejiio. 


r.CMbimjiaeBa 


H/aticI/article2.doc 


PaipadoTKa  HMHTaiiHOHiibix  MOA&neH  onepaiiHH  oSjiera,  ctmkobkh  h  MOHranca  TTF 
Ha  MKC  c  noMouiibio  Majiiux  poSoTHSHpoBaHHux  njiar^opM 

B.B.  EopHcoB,  B.n.  EoroMOJiOB,  C.H.  Kocthh, 

B.A.  OpojiOB,  H.M.  CHflopoB 

141070,  r.  KopojieB,  MocKOBCKaa  oOjiacTb,  yji.  IlHOHepcKaH,  flOM  4 

B  HacToamee  Bp6Ma  no  nporpaMMaM,  CBasaHHbiM  c  MICC,  hmcctch  pa^  npoeKTOB  h 
npefljioaceHHH  no  cosflaHHK)  TeaeoneparopOB  u  poOoxHSHpoBaHHbix  naaT(j^opM,  pa6oTaK)- 
mwx  coBMecTHO  CO  CTaHUHCH.  TaKHC  paOoTbi  Bc^^yrca  b  CIIIA,  Espone  h  ^nonnn,  npHHeM 
HCKOTopbie  npoeKTbi  bhxo^ipit  na  ypoBCHb  aernbix  ncnbiTannH.  B  Pocchh  BCflerca  npo- 
pa6oTKa  npoeKTOB  HHcneicTopa  CTaHLi,HH,  a  xaKxce  aBxoHOMHon  njiax(j)opMbi  MHorou;ejieBo- 
ro  HaananeHna  MAKOC”,  oCicayacHBaeMon  b  ycjiOBnax  KocMnnecKoro  SaanpoBaHna  b 
xofle  nepnoflHHecKHx  cxbiKOBOK/cOaHacenHH  c  MKC.  Ha  6opry  njiax^opMw  npe^nojiara- 
exca  ocymecxBaaxb  nporpaMMw  MHKporpaBMxapnoHHbix  HCCJieflOBanHH,  6HOMe.i^pmHH- 
CKHe  H  OHoxexHHHecKHe  OKcnepHMeHXbi,  aKcnepHMenxajibHbie  nporpaMMM  b  HHxepecax 
acxpo4)HaHKH,  reo4)H3MKH,  HccaeflOBanna  npnpoAHbix  pecypcoB  3eMaH.  Ha  njiax(})opMe 
npeflnojiaraexca  paaMiecxHXb  cxepeo-rB  cHcxcMy  h  ManHnyjiaxop,  oGecneHiiBaiomne  flnc- 
xanuiHOHHoe  oOcayacHBanne  paOonen  aoHbi  h  BHayaanaanmo  npoBoamvibix  aKcnepnMen- 

XOB. 

Peuienne  aa^an  oOcjiyacHBaHna  opOHxajibHon  cxaHqHH  n  noaeanbix  rpyaoB  npeaaa- 
raexca  ocymecxBaaxb  cnennajibHbiMH  poOoxnanpoBaHHbiMH  naax(j)opMaMH.  njiax(|)opMa 
-  aBxoHOMHoe,  oxHocHxeabHo  Maaoe  xexHHHecKoe  ycxpoHcxBO,  (JjHKcnpyeMoe  nenocpefl- 
CTBCHHo  K  noaeanoH  narpyaKe,  ABxoHOP^naa  naax4)opMa,  npeaHaanancHHaa  b  ochobhom 
AJia  MOHxaaca  noaeanbix  narpyaoK,  ycxanoBKa  Koxopbix  na  cxaHijHH  Heaceaaxeabna  n3-aa 
HajTHHHa  neAonycxHMbix  BoaMymaioiUHX  BoaAencxBHH. 

Haax^opMa  npeAcxaBaaex  coooil  KOHcxpyKAHio,  cocxoamyio  na  caeA5nomnx  oc- 
HOBHbix  Oaokob; 

KOMnaeKx  nyabcnpyiomHX  peaicxHBHbix  ABnraxeaa  Majiofi  xarn  na  cacaxoM 
BoaAyxe.  /^BH^axeaB[  npeACxaBjiaiox  codoii  aaeKxpOMarnnxHbie  Kjiananbi,  xara  b 
Koxopbix  coa^aerca  cacaxbiM  Boa^yxoM,  BbixoAamHM  nepea  conaa; 
caeaamaa  onxnnecKaa  cncxeMa  c  MapKcpaMn  (xoMCHHbiMH  HcxoHHHKaMn),  yc- 
xanoBaeHHbiMH  BOanan  xpeOyeMoro  Mecxa  cthkobkh  noaeanoro  rpyaa; 

—  mecxb  aKceaepoMexpoB; 

aBxoMaxHwecKaa  cncxcMa  a-na  cthkobkh  naax4)opMbi  k  narpyaxe; 

—  OopxoBOH  KOMHbioxep; 

-  npHCMHHK  HaBHrapHOHHOH  HH(|)OpMai4HH. 

CncxeMa  "naax(|)opMa  -  noaeanbin  rpya"  Bbinoanaer  caoacnoe  npocxpaHCTBennoe 
ABnacenne,  a  npn  cxbiKOBKe  k  cxaHunn  aaBncaex  naa  aonon  Monxaaca.  ^Z^BnraxeaH  Maaon 
xarH  Hcnoabayioxca,  aaa  nepeMemenna  b  npocxpaHcxse  naax(|)opMbi,  n,  caeaoBaxeabHO, 
narpyaKH.  HyBcxBHxeabnaa  k  noaoaceHHio  onxHHCCKaa  CHCxeMa  ncoOxoanMa  aaa  noayne- 
HHa  HH(j)opMaaHH  oxHOCHxeabHO  npocxpaHCTBCHHoro  noaoxcenna  xoHCHHbix  hcxohhhkob, 
4)HKCHpOBaHHbIX  K  MBCXy  CTHKOBKH  naaX^OpMH.  AKCCaepOMCXpH  neoOxOAHMbE  AJW  on- 
peaeaenna  ycKopennH  BoaaencxByioiaro:  na  narpyaKy.  EopxoBon  KOMnbioxep  ncnoabayex 
cneuHaabHo  paapaOoxaHHHn  aaropnxM  ynpasaenHa  naax(})opMbi.  Ha  ocnoBannH  nociy- 
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g  —  ycKopcHHe  cBoGoflHoro  naACHHjj; 

Mq — Macca  nojiesHOH  HarpysKH.; 

Mh  —  Macca  6a30Boro  oGteicra. 

Cjreflyer  otmcthtb,  hto  aHaneHHe  d^Xs/dt^  onpeACJiaerca  noKaaaHHKMH  aKcejiepo- 
Mexpa.  06o3HaHHM  aHaJiHanpyeMbiH  HHrepBaji  T  =  n5t,  rfle; 

5t  —  HHTepBan  Bbi^aHH  b  6opTOBOH  KOMiibioTep  flaHHbix  OT  flaxHHKa  H  aKcejiepo- 

MCTpoB  (5t  =  0. Is  0.05s); 

n  —  HHCJio  TOMeK  Ha  HHxepBane  (n  =  30  40). 

B  Hanajie  aHajiHSHpyeMoro  HHxepBajia  Dx  =  Ux  =  0. 

B  peayjifaxaxe  HHxerpHpOBaHHa  ypaBHCHKH  (2)  ^  (3)  no  xoHKaM  HMecM  Ha  Ka)KflOM 
mare  HHxerpHpoBaHHB  sHaHCHHa  olhchok  KoopflHHax  (Xs  (n),  Zs  (n))  h  opchkh  cKopocxH 
(Vxs  (n),  Vzs  (n)).  Torfla  na  Ka>KAOM  mar  e  dt  HHxepBajia  T  HeBH3KH  BbiMHCJimoxca  xax; 
8x(n)=Xo(n)-Xs(n) 

(4) 

5z(n)=Z(n)-Zs(n) 

(  Z  (n)  npHHHMaexca  h3  ypaBHenwa  (2)). 

IIojiyHeHHbie  SHaneHna  annpoKCHMHpoBanbi  napaGojiOH  c  noMOipbio  Mcxofla  nan- 
MBHbmHx  KBarrpaxoB,  H  B  KOHne  HHxepBana  T  BbiHUCJienbi  npHpamcHHa  KOopAHwax,  cko- 
pocxH  (npOHSBOAHaa  napaOojibi)  h  BoaMymeHHa  BHemHHx  chji  (Bxopaa  npoH3BOAHaa  na- 
pa6ojibi); 

AZ  =  S5z(n)Ko(n) 

AVx=SSx(n)Ki  (n)  (5) 

AVz  =  2:6z(n)Ki(n) 

AFq  =  Z6x(n)K2(n) 

FAe: 

Ko(n),  Ki(n),  K2(n)-  BccoBbie  K034)(|)HAHeHXbi ; 

Fq  -  BHemHHe  BOSMymaifomHe  CHjibi,  AeircxByiomHe  na  narpysKy. 

H,  HaKOHeu,  crjiaxceHHbie  anaHCHHa  KOopAwnax  h  cKOpocxeir  ffnfi  npaBoii  rpaHHUbi 
HHxepBana  T  6yAyT  CAeAyromwe; 

Xq  =  Xo 


Xh=-(Zs+AZ)+Xq 


Vxq  =  Vxs  +AVx 
Vxh  =  -(Vzs+AVz)-Vxq 


(6) 


3)  PacnexHbie  sHancHHa  (6)  no3BOJiaiox  pemnxb  KpaeayK)  saAany  ycxanoBKH  no- 
jie3Horo  rpyaa  Ha  6a3.0Boe  cpeACXBO  la  (|)opMHpoBaxb  KOMaHAiw  ynpaBACHne  aah  cpa6axbi- 
BaHHa  cooxBexcxByroEAHX  ABHraxcAeii  (Dx,  Ux)-  PaccMOxpHM  cxeMy  pemeHHa  xpaeBOH  3a- 
AaMH  no  OCH  X.  Moxcho  HcnojibSOBaxb  CAeAyroipee  ypaBHCHHe  ABHXceHna; 

d^X/dt^--DxMq  (7) 
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CHcreMa  ynpaBjicHwa  floji^Ha  peajiHaoBaxb  cjieflyioiayK)  KpHByio  ^iBH>KeHHa  (x.e. 
peuieHHe  Hiperca  Ha  3toh  kphboh); 

X=(Co+Ci-t)-(t-tkf  (8) 

FpaHHHHbie  ycjiOBHa; 

t  =  0  (jieBaa  rpaHHpa  HHxepBiajia  T) 

KOop/^HHaxa  X  =  Xo 

CKOpOCXb  V  =  Vxq 

fljia  t  =  tk  (KoneHHaa  xoHKa  npopecca) 

X  =  0 
V  =  0 

ripH  B3HXHH  npoH3BOflHbix  ypasHCHHa  (8)  Mbi  nojiynaeM  cHCxcMy  ypaBHCHHH  fljiH 
onpe^ejieHHa  Co  h  Ci; 

Xo=  -Co-tk^ 

Vxq=  3-Co-tk^-Crtk^  (9) 

H3  ypaBHCHHH  (7) 

Dx=  -Mq-d^X/dt^  (10) 

IIpH  pemcHHH  CHCxcMbi  (9),  B  3aKjiioHeHHe  Mbi  HMeeM; 

Dx=Mq(12-Xo/(tk-t)^  +  6Vxq/(tk-t))+Fq  (1  1) 

JHa  njiaxcJjopMe  ycxanaBjiHEaioxca  nyjibCHpyiomHe  peaicxHBHbie  flBHraxejiH  HeH3Me- 
HaeMOH  MOipHOcxH  (F'),  BCBeACXBHe  Hero  HeodxoAHMo  npHflepjKHBaxbca  cjieflyiomHx  npa- 
bhb; 

if  |DxI  <  P/2  thenDx=0 

if  Dx  >  P/2  thenDx=P 

if  Dx  <  P/2  thenDx=-P 

nepcKjiioHeHHe  flBHraxejiCH  peajiH30BaHO  no  KOMaH^^aM  ox  KOMnbioxepa. 

AjiropHXM  noBxopaex  npHBeflCHHbie  npopeflypbi  Ha  HHxepBanax  bpcmchh  6t 
(cflBHraa  aHajiH3HpyeMbiH  HHxepBaji  T  na  mar  6t),  noKa  npopecc  ycxanoBKH  hc  aaBcp- 
mnxcfl. 

Peayjibxaxbi  MO/^eJIHpoBaHHH  no^xBep^K/iaKDx  B03M0>KH0cxb  coaflanuji  ycxpoiicxBa  c 
MaccoH  npH6jiH3HxejibHO  50  kf,  cnocodnoro  pa6oxaxb  c  nojieaHOH  Harpy3KOH  mbccoh  flo 
20.000  KF.  ToHHocxfa  c6opKH  OKOjio  O.Scm. 

B  Hacxoamee^  BpeMJi  pa3pa6oTaH  MaKex  njiax(j)opMbi,  noflBemeHHOH  na  xpocoBOH 
CBa3H  H  pa6oxaK)meH  b  KOMruiCKce  c  nofl'bewHbiM  MexanHSMOM  h  cnoco6HOH  ycxanaBjiH- 
Baxb  Fpy3  BecoM  npH6jiH3HxejibHO  IOOkf  (xara  ABHraxeaeii  b  ripoxoxHne  —  2.5  N).  fl;eHcx- 
BHe  3XOH  njiax4)opMbi  c  narpyaKOH  b  paaaHHHbix  BapnaHxax  cdopoHHo-MOHxa^Hbix  pa6ox 
nojiHocxbio  noflXBep»:Aaex  paGoxocnocoGnocxb  h  Ha;iexcHocxb  ajiFopnxMOB. 

IIo  peayjibxaxaM  pacncFOB  h  na'rypHbix  HcnbixaHHH  onpeflejiCHw  xpedosaHHa  k 
xexHHHecKHM  xapaKxepHCXHKaM  6jiokob. 

а)  PeaKXHBHbiH  flBHFaxejib; 

—  flHanaaoH  HOMHnajibHOH  xxfh  floJUKen  6bixb  Me>K;iy  500  600  N.; 

AJiHxejibHocxb  HMHyjibca  flOJDKHa  6bixb  MCHbrne  HCM  0. 1  cexyH/ibi; 

3ana3flbiBaHHe  nepeioiKDHeHHa  3JieKxpoMaFHHXHbix  KjianaHOB  okojio  0.05s.; 

—  paSoHce  xejio  -  OKaxbiH  B03Ayx. 

б)  HyBCTBHxejibHaa  k  hojig^chhio  onxHHecKaa  CHcxeMa; 
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—  CHCTCivia  aojiJKHa  onpe^ejiarb  yrjiOBoe  nojiojKCHHe  MapKepoB,  Kor^a  paccToa- 
HHe  MBKAy  flexeiCTOpOM  H  HCTOHHHKOM  HaXOflHTCH  B  flHanaSOHe  OT  1  flO  100  m; 

—  yroji  nojia  o63opa  aoji^kch  Gbitb  SoAbuie  hcm  20  rpa^ycoB; 

—  TOHHOCTb  onpeflejiCHHa  yi'AOBoro  noAOKCHHa  HCTOMHHKa  CBcra  (bo  bccm  aha- 
naaoHC  paccTOHHHH)  AOAxcna  Gbixb  okoao  3  yrA.  mhh; 

—  HacToxa  onpoca  AaHHbix  ox  AaxHHKOB  agaacha  6bixb  ox  10  ao  20  Fa; 

—  yxAOBaa  CKopoCTb  abhacchha  MapxepoB  b  npcACAax  hoah  oOaopa  AaxHHxa 
AOAACHa  6faixb  MCHbine  mbm  3  rpaA/cex. 

b)  AKCCAepoMexp:  acccxkhx  xpeGoBaHwii  ue  bwabacho. 

BaxcHO  oSpaxHXb  BHUMaHHC,  Hxo  Bce  ocHOBHbie  HECXH  nAax4)opMbi  yAce  cyiAecxBy- 
KDX  H  UIHpOKO  HCnOAbSyiOXCH  B  paSAHHHblX  oSaECXHX.  3x0  B  CBOK)  OHCpCAb  nOSBOAACX  3Ha- 
HHXCAbHO  yMCHblllHXb  BpCMA  H  CXOHMOCXb  pa3pa60XKH  nAax4)OpMbI. 

OnepaAHH  ocyiAeci'BAsieMbie  nAax4)opMaMH  h  xeAeonepaxopaMH  b  oKpecxHOCxH 
XaKOH  CAOACHOH  npOCXpaHCXBCHHOH  CXpyKXypbl  KAK  MKC  AOAACHbl  neXKO  nAAHHpOBaXbCA, 
oxpa6axbiBaxfaCA  h  KOHxpoAHpoBaxbca.  B  cba3h  c  sxhm  ha  Bcex  axanax  B03HHKaex  Heo6- 
XOAHMOCXb  B  aACKBaXHOM  rpa4)HHeOKOM  OX06paACeHHH  CHXyaUHOHHOH  o6cxaHOBKH  Ha 
nyjibxe  onepaxopa. 

npH  3XOM  AOAACHbl  oxoOpaAcaxbca: 

-  CXaHHHA  B  ACAOM,  oGcjiyACHBaCMblH  nOAe3HbIH  rpy3,  po6oXH3HpOBaHHbie  HAaX- 

(JiopMbi; 

-  KOHXpOAbHbie  XOHKH  XpaeKXOpHH  po6oXH3HpOBaHHbIX  nAax4)OpM,  X.e.  XOHKH 

Hcpea  Koxopbie  poGoxHSHpOBaHHaa  nAax4)opMa  agaacha  oGaaaxeAbHO  npoHxw; 

—  xpaeKXopnH  po6oxH3HpoBaHHbix  HAax^iopM  H  noAe3Horo  rpyaa; 

—  onepAAHH  c  noAe3HbiM  rpyaoM  b  pa6oHeH  aone,  b  x.h.  pa6oxa  MAHHnyAaxopoB. 

j(rTsr  nAAHHpoBaHHH  H  oxpa6oxKH  onepAAHH  CACAyex  npeAycMOxpexb  BoaMOACHOCxb 

ACACyKasaHHA  KOHXpOAbHblX  XOHCK  XpaOKXOpHH  HO  CABAyiOIAHM  CXCMAM: 

-  nOAeX  po6oXH3HpOBaHHOH  HAAXlJlOpMbl  K  oOcAyACHBAeMOMy  nr,  Boaspax  HA 

MKC  nOCAC  oGcAyACHBAHHH; 

—  aaxBax  noAesHoro  rpyaa  c  noMombio  po6oxH3HpOBaHHOH  njiax^iopMbi  h  ero 
AOCxaBKa  Ha  MKC; 

—  noACX  no  yKaaaHHWM  xohkam  npocxpancxBa  b  oKpecrrHOCXH  cxahahh  c  acabk) 
HHCneKUHH  MOHXa>Ka  H  AGMOHXaACa  o6pa3IJ(OB,  SaBHCamaK  AAA  BbinOAHCHHA 
xexHOAorHHCCKHx  aKcnepHMCHxoB  H  opHeHXAAHH  annapaxypbi  b  nyACHOM  na- 
npaBACHHH. 

OcHOBHAA  OCoScHHOCXb  rpaiJlHHeCKOH  MOASAH  ABHACCHHA  oGbCXXOB  B  OKpeCXHOCXH 
CXAHAHH,  nOMHMO  pjl3BHXblX  CpCAOXB  OXpHCOBKH  oScXAHOBKH,  3aKAK)HaeXCA  B  HOOGxOAH- 
MOCXH  pa3pa6oXKH  MaxeMaXHMCCKOH  MOACAH  ABHACCHHA  po6oXH3HpOBaHHOH  nAaxiJlOpMbI, 
ocymecxBAAioiAeH  AWHaMHMecKHe  onepauHH  cGahacchha,  cxhikobkh,  SyKcnpoBKH  h  moh- 
xAAca  noAeanoH  HarpyaxH.  MaxeMaxHHecKaa  moacab  ABHAceHna  po6oxH3HpoBaHHOH  haax- 
(|)opMbi  aoaacha  yHHXbiBaxb  aAropHXMfal  ynpaBACHHA,  oSecneHHBAKimHe  6e3onacHoe  ne- 
peMcmeuHe  MCACAy  aaAaHHbiMH  xomkamh  b  oKpecxHOCXH  op6HxaAbHoro  KOMnAOKca  h  aa- 
BHcaHne  annapaxa  b  opueHXHpoBAHHOM  noAOAcenHH  b  aaAanHOH  xohkc. 

HMHXAHHOHHyio  MOACAb  noaBOJiLHCx  renepHpoBaxb  CHxyauHOHHyio  o6cxaHOBKy  b 
OnepaUHAX  CXblKOBKH/paCCXbllCOBKH,  nepeACrOB  aBXOHOMHbIX  po6oXH3HpOBaHHblX  HAAX- 
(JlOpM  B  OKpeCXHOCXH  Op6HXaAbHOH  CXAHUHH.  B  KAHeCXBe  HaMepACMblX  napaMCXpOB  CH- 
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TyauHOHHOH  MOflcjiH  HcnojibsyiOTCJi  flaHHbie  ot  onrHKoajieKrpoHHOH  CHcreMbi  H3Mepei 
BsaHMHoro  nojio.«eHHa  c6jiH>KaK)mHXca  o6T>eKTOB.  Be30uiH6oHHaH  pa6oTa  ajiropm 
oGecneMHBaerca  na  sajibHocrax  ot  0  flo  2000m  npH  HConpeflejiCHHOCTH  HanajibHbix  yc. 
BHH  no  nojiojKeHHK)  flo  100m  h  no  CKopocTH  flo  2  m/c. 

HMHTauHOHHaa  MO^ejib  renepauHH  CHTyannonHOH  o6cTaHOBKH  coflep>KHT  Maxei 
THHCCKyio  MO^ejib  flBHJKeHHfl  po6oTH3HpoBaHHbix  njiaT4)opM  M  o6ecneHHBaeT  nepeflj 
flaHHbIX  O  nOJI05KeHMH  H  OpHeHTaUHM  nJiaT(|)OpMbI  (OTHOCHXeJIbHO  CTannHH)  B  MOflf 

CTepeorpa4)HHecKoro  OToOpa^cenna.  Moflejib  crepeorpa^HHecKoro  OTo6paaceHHa  pa6o 
ex  B  cpeae  WINDOWS,  WINDOWS  95,  wMeex  HHxep(J)eHC  c  MaxeMaxHHecKOK  Moaen 
flBHaceHHa  po6oxM3HpoBaHHbix  njiax(j)opM  h  o6ecneHHBaex  bbibo;!  HaoOpaxcenna  c  pas 
uiCHHeM  flo  1024x768  nHKcejien. 

Ho  flaHHbiM  ox  3XOH  MO/jejiH  npoBOflHxcH  npopHCOBKa  o6'beKxoB  H  Hx  xpaeKxoj: 
B  Bbi6paHHOM  paxypce.  rpa^^nnecKaa  MO^ejib  ^BHaceHna  oOtjCktob  b  OKpecxHOCxn  cx 
UHH,  KaK  3JieMeHT  HH4)opMauHOHHOH  noflflepxcKH  fleaxejibHocxH  onepaxopa,  mojkcx 
nojib30Baxbca  na  axane  no^roxoBKH  n  njianHpoBaHHa  onepauHH,  riofloGnaa  cncxcMa  r 
acex  6biTfa  Hcnojib30BaHa  h  ana  onepaxHBHoro  oxo6paaceHHa  o6cxaHOBKH,  oanaxo  ana  3 
ro  noxpe6yexca  ynex  peajibHoro  xofla  BbinojiHCHHa  onepaunn,  x.e.  cncxeMa  flojiacna  pai 
xaxb  B  peacHMC  peajibHoro  speMenH  h  o6pa6axbiBaxb  aanHbie  no  xeKymefi  cHxyauHH. 
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Development  of  Simulating  Models  of  Fly-Round,  Docking  and  Payload 
Mounting  Operations  on  International  Space  Station  with  Use  the  Small  Robotic 

Platforms 

Borisov  V.  V. 

Bogomolov  V.P.  (TsNUMash) 

Kostin  S.I. 

Frolov  V.A 
Sidorov  I.M. 

Kosic  J.C. 

Pionerskaj  4,  Korolev,  Moscow  Region,  141070,  Russia 

Problems  of  small  robotic  platforms’  development  are  considered  m  this  paper. 
Such  platforms  can  be  permanently  based  on  International  Space  Station  (ISS)  and  used  for 
inspection  of  the  station,  payloads  handling  and  service  of  autonomous  scientific  platforms 
free-flying  in  the  vicinity  of  the  ISS.  Autonomous  platforms  carry  equipment,  which  cannot 
be  installed  on  ISS  due  to  unexeptable  limitations  of  microgravitation  conditions,  own  ex¬ 
ternal  atmosphere  and  monitoring  of  the  surrounding.  .  .  ,  .  f 

The  paper  presents  control  algorithms  ensuring  implementation  ot 
docking/undocking  dynamic  operations  and  fly-round  in  the  neighbourhood  of  orbital 
station  with  use  of  small  rocket  trusters. 

The  algorithms  use  data  from  optical  system  which  measures  mutual  location  ot  ap¬ 
proaching  objects  using  dot  markers.  . 

It  is  shown  that  the  offered  algorithm  provides  folfilment  of  dynamic  operations  tor 
distances  of  up  to  2000  m  with  uncertainty  of  data  on  initial  location  conditions  of  up  to 

100  m  at  speed  of  up  to  2  m/s.  .  i  vu 

For  visualization  of  robotic  platforms  operations  simulation  models  with 

stereografic  view  of  the  working  zone  are  used.  Thus  interactive  simulating  of  processes  of 
small  satellites  service  and  launch  from  the  station  by  manipulator  is  provided. 
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HcnojibsoBaHHe  ho^bhhchocth  iviaHHnyjisiTopoB 
CB060AH0  jicTaroipero  icocMHHecKoro  po6oira  b  3aAa*ie 
KOopAHHaTiio-ivieTpHHecKoiro  ynpaBAeHHH  ero  yrjiOBUM  ABHacenHeivi 

BoroMojiOB  B.n.  (UpMHMAIII) 

PyTKOBCKHilB.K).  (Hny  PAH) 

CyxaHOBB.M.  (HnV  PAH) 

141070,  r.  KopojieB,  MocKOBCKaa  o6ji.,  yji.  HHOHepcKaa,  aom  4 

B  paGore  pemaerca  BBAana  CHuresa  onxHMaAbHOH  MexaHnnecKOH  CTpyiaypbi 
KOCMHHecKoro  poGoTOxexHHHecKoro  MOAyAa  (KPM)  kak  oGBexxa  aBxoMaxHMecKoro 
ynpaBACHHA,  ABAxioiAeroca  cboGoaho  ManeBpHpyioinHM  xpaHcnopxHWM  cpeACXBOM, 
yAepjKHBaioiAHM  b  cxBaxe  MaHHn3^jiaxopa  MajibiH  KocMHHecKHH  oGbckx.  B  paGoxe 
paccMaxpHBaexca  saAana  4)opMHpoBaHHa  MaxeMaxHHecKOH  moacah  ABHxceHHa  KPM, 
oxoGpaxcaromcH  AMHaMHKy  ero  nepeMeipenHa  noA  AeHcxBHCM  cha  cosAaBacMbix 
HCnOAHHXeAfaHblMH  OprEHaMH  CHCXeMbI  OpHeHXapHH  H  npHBOAaMH  MaHHnyAAXOpa. 
HcnoAbsoBaHHC  noABHXCHOCTH  3BeHbeB  MaHHnyAHXopa  npecACAyex  peAb  yAynmeHna 
KanecxBa  ynpaBACHHa  opHeuxapHeH  KPM  npH  achcxbhh  BOSMymeHHH  ox  paGoxbi 
MapuieBoro  ABHxaxeAa,  BOSHHxaioiAHx  H3-3a  nexoMHoro  3HaHHa  noAOxcenpia  qeHxpa 
Macc  CHCxeMbi  h  ouihGok,  CBaaaHHbix  c  bcahhhhoh  h  HanpaBAeHHeM  Bexxopa  xarn. 
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Use  of  Free-Flying  Spase  Robot’s  Manipulators  mobility  for 
Coordinate-Metric  Control  of  it’s  Angular  Movement 

Bogomolov  V.P.  (TsNIIMash) 

Rutkovskiy  V.  Y.  (IPU,  RAC) 

Sukhanov  V.M.  (IPU,  RAC) 

Pionerskaya  4,  Korolev,  Moscow  Region,  141070,  Russia 

This  work  solves  the  task  of  synthesis  of  optimal  mechanical  structure  of  the 
Space  Robotic  Module  (SRM)  as  an  object  for  automatic  control.  The  SRM  is  a  free 
maneuvering  transportation  means  capable  to  grasp  a  small  space  vehicle.  Use  of 
movable  manipulator  links  is  needed  to  improve  quality  of  SRM  control  under  influence 
of  main  engine’s  perturbations  due  to  inaccurate  knowledge  of  the  system’s  center  of 
mass  and  errors  connected  with  determination  of  value  and  direction  of  the  traction 

vector. 
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